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(NILEVAR) ON ‘THE UPTAKE OF RADIOSULFUR IN 
THE FRACTURED HUMERUS IN THE RAT 
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Ir Is WELL KNOWN that any severe trauma, 
spontaneous or surgical, may result in an in- 
crease in the rate of protein breakdown in the 
body. ‘This catabolic response to injury may 
be in part alleviated by an adequate intake 
of calories and protein. In clinical medicine, 
however, ancillary treatment with drugs pro- 
moting anabolism is frequently necessary. 
Testosterone is the best known of the hor- 
mones possessing some regulatory effect on 
protein anabolism. Androgenic effects of this 
steroid make routine use rather difficult, and 
recently an attempt was made to find a sub- 
stance promoting protein anabolism and yet 
devoid of masculinizing properties. 
Between the synthetic analogues of andro- 
genic steroids special attention was recently 
drawn on nilevar® (17-ethyl-19-nortestos- 
terone). Saunders and Drill have shown that 
several nortestosterone derivatives exhibit 
relatively higher myotrophic potencies (ana- 
bolic effect) compared with androgenic ef- 
fects as noted by response of levator ani muscle 
and seminal vesicles in the castrated rat. 


From the McEachern Cancer Research Laboratory and De- 
partment of Surgery, University of Alberta, Edmonton, Canada. 

Supported in part by a research grant from G. D. Searle & 
Co., Chicago. 


Definite anabolic effect of nilevar on hu- 
man nitrogen metabolism following exten- 
sive abdominal surgery was reported by 
Peden and Maxwell. ‘The clinical use of this 
substance was recently discussed by Drill 
and Saunders. These preliminary reports 
gave us an idea to investigate the effect of 
nilevar on the healing of fractured bone. 

This problem presents great clinical im- 
portance. Various hormones influence the 
bone metabolism, and the best examples of 
this effect may be seen clinically in cases of 
certain hormonal deficiencies, which result 
in arrest of linear growth, osteoporosis, or 
spontaneous fractures. 

In the present study the effect of nilevar 
on the healing of fracture was assayed by the 
radiosulfur uptake procedure. It was demon- 
strated previously by Dziewiatkowski (2, 3) 
that radiosulfur (S*) shows a particular pre- 
dilection for the cartilage when injected into 
animals. ‘This isotope is selectively bound to 
certain elements of collagen and incorpo- 
rated into the cartilage in organic form as 
chondroitin sulfuric acid. 

It is known that sulfur amino acids la- 
belled with S® are taken up by the proteins of 
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TABLE I. 


WEIGHT OF INTACT (W.1.) AND FRACTURED (W.F.) HUMERI OF RATS AND W.F./W.I. RATIO 3 WEEKS 


AFTER FRACTURE 


Condition 


Normal control 


Castrated, no treatment 


Castrated, given 20 mgm. of nilevar 


Castrated, given 50 mgm. of nilevar 


TABLE II. 


No. of Intact bone, Fractured bone, W.F./W.], 

rals Values mgm. mgm. 

20 Mean 272 330 1.21 
S.D. +29 + 35 +0.08 
Range 228-332 272-400 1.08-1.37 

16 Mean 360 372 1.21 
S.D. 257 7a £0.13 
Range 262-485 240-511 0.96-1.51 

15 Mean 338 436 1.29 
S.D. +35 + 35 +0.11 
Range 307-400 391-505 1.11-1.59 

20 Mean 351 451 1.29 
S.D. +27 + 46 +0.16 
Range 320-400 405-610 1.05-1.90 


RADIOSULFUR IN INTACT (1) AND FRACTURED (F) HUMERI OF RATS AND F/I RATIO 3 WEEKS 


AFTER FRACTURE 


Condition 


Normal control 
Castrated, no treatment 
Castrated, given 20 mgm. of nilevar 


Castrated, given 50 mgm. of nilevar 


regenerating wound tissue.. It is also ap- 
parent that poor wound healing in animals 
with hypoproteinemia is associated with de- 
creased accumulation of mucopolysaccha- 
rides and retarded collagen synthesis. 

It seems evident from these data that the 
catabolic states disturb those processes of 
healing which may be well investigated by 
the radiosulfur. This isotope may be utilized 
for the study of the various stages of forma- 
tion of collagen tissue during the process of 
healing and particularly for the study of 
normal and pathologic metabolism of carti- 
lage and bone (4). 

In our previous report (4) a method for 
the study of the uptake of radiosulfur in the 
bones of rats was proposed. We were able to 
demonstrate that the fractured humerus 
showed an increased uptake of S* as com- 
pared with the uptake in the intact humerus 
of the same animal. 

The purpose of our present study was to 
compare the uptake of radiosulfur of the 
fractured humerus with that of the sym- 


No. of Intact bone, Fractured bone, F/I ratio 

rats Values c.p.m./100 mgm. c.p.m./100 mgm. 

20 Mean 354 776 2.24 
S.D. +109 +183 +0.33 
Range 240-640 540-1140 1.72-2.92 

16 Mean 323 392 1.04 
S.D. +32 +45 +0.20 
Range 280-395 313-463 0.79-1.42 

15 Mean 321 1077 3.38 
S.D. +96 +354 +0.50 
Range 180-590 590-2000 2.46-—4.50 

20 Mean 266 1679 6.54 
S.D. +45 +377 +1.85 
Range 184-311 1108-2405 3.58-9.58 


metrically opposite intact bone in castrated 
rats which were treated or not with nilevar. 


MATERIALS AND METHODS 


Treatment. Adult male rats of the Wistar 
strain varying in weight from 212 to 280 
grams and fed ad libitum with commercial 
Purina dog chow were used in the present 
study. Animals were castrated under ether 
anesthesia from 6 to 8 weeks preceding the 
fracture of the bones. 

Under ether anesthesia a closed complete 
fracture of right humerus was produced in 
every rat by grasping the foreleg between 
fingers and thumb of each hand and snap- 


ping the bone at its midportion. The ani- | 
mals were kept in separate cages and all | 


made asatisfactory recovery from anesthesia. 
Three weeks following the fracture they were 


sacrificed. Radiosulfur was given in dose of | 
200 microcuries by intraperitoneal injection | 
24 hours prior to sacrifice. The dose was dis- | 


solved in 2 milliliters of distilled water to- 
gether with 8 milligrams of sodium sulfate. 
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Nilevar was administered by intramuscu- 
lar injection, to two groups of castrated rats. 
Che animals of the first group each received 
10 injections of 2 milligrams of nilevar dis- 
solved in 0.2 milliliter of sesame oil, the total 
dose per rat being 20 milligrams. The rats 
of the second series were treated by 10 doses 
of 5 milligrams of nilevar dissolved in 0.4 
milliliter of sesame oil, the total dose per rat 
being 50 milligrams. The injections were 
viven 3 to 4 times weekly during the 3 week 


period of healing of fracture. One group of 


castrated rats received no treatment and was 
used as a control. Another control group was 
constituted from normal noncastrated ani- 
mals, submitted to fracture and S*® study. 


Measurement of radiosulfur. After sacrifice of 


rats the fractured and normal humeri were 
removed, cleaned, and dried at room tem- 
perature for 24 hours, following which their 
weights were recorded. 

The bones were then dissolved by the ni- 
tric-perchloric acid wet-digestion procedure 
described in detail in our previous report (4). 

Final precipitate of radioactive barium 
sulfate was transferred to planchettes and 
the counting carried out by using a thin 
mica window Tracerlab G-M tube. A Trac- 
erlab superscaler S.C. 18A was used for re- 
cording. 

The results were expressed in counts per 
minute (c.p.m.) per 100 milligrams of tissue 
and F/I ratio was calculated. This is the 
ratio of the uptake (c.p.m./100 mgm. of 
bone) of S* by the fractured humerus (F) 
to the uptake of S®*® by the corresponding 
intact bone (1). 

RESULTS 

The results are summarized in Tables I 
and II and Figure 1. 

Table I illustrates the difference in weight 
(W) between fractured (F) and intact bones 
(I) of rats in various experimental condi- 
tions. It may be seen that neither castration 
ilone nor treatment with nilevar of castrated 
rats does effect the W.F/W.I ratio. This 
observation excludes the possibility that the 
findings concerning the S* uptake might be 
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Fic. 1. Effect of nilevar (total dese 20 mgm. or 50 mgm. 
per rat) on S® uptake by fractures (F) and intact (I) 
humerus, expressed as F/I ratio. 


related to the alteration of proportion of 
weight between intact and fractured bones. 

Table II gives a detailed account of the 
study of radioactivity of bones 3 weeks after 
fracture. 

In accord with our previous data F/I 
ratios in normal control rats are about 2. 
There is significant reduction in this ratio in 
rats which were castrated prior to the frac- 
ture. But very significant increase of F/I 
ratio may be observed in castrated rats 
treated with nilevar, and it may be noted 
that the dosage plays an important role. 
This dose-response effect is better seen on 
Figure 1. 


COMMENT 


These results indicate that the proposed 
procedure of study of S* uptake in healing 
fracture may be helpful in the evaluation of 
certain factors affecting the formation of cal- 
lus. 

The process of healing of fracture is ap- 
parently related to the synthesis of chon- 
droitin sulfate in the newly formed collagen 
tissue. 
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It was shown that certain hormonal fac- 
tors may influence the formation of cartilage 
by inhibition or stimulation of the synthesis 
of chondroitin sulfate. It results from the 
present experiment that such an inhibitory 
effect may be seen in rats after castration. 

Nilevar not only restores to normal the 
ratio F/I but strongly stimulates the uptake 
of radiosulfur in healing fracture. ‘This means 
apparently that nilevar has a marked effect 
on the synthesis of chondroitin sulfate in the 
collagen tissue as measured by the described 
S® uptake technique. 

SUMMARY 

1. The study of the uptake of radioactive 
sulfur in the intact and fractured humeri of 
male rats was performed in normal and 
castrated rats treated or not with 17-ethyl- 
19-nortestosterone (nilevar). 

2. The ratio (F/I) of radioactivity of frac- 
tured (F) to intact (1) bone was calculated. 

3. Castration resulted in significant de- 
crease of F/I ratio, as compared with normal 
control. 
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4. Nilevar given to castrated rats during 
the period of healing of fracture stimulated 
the S® uptake in fractured bones resulting 
in F/I ratio which was several times higher 
than the same ratio observed in nontreated 
rats. 

5. The response to nilevar was related to 
the dose in described experimental condi- 
tions. 
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AN EXPERIMENTAL EVALUATION OF THE 


USEFULNESS OF ANTIBIOTIC AGENTS IN THE 
EARLY MANAGEMENT OF CONTAMINATED 
TRAUMATIC SOFT TISSUE WOUNDS 


JAY P. SANFORD, M.D., Durham, North Carolina, and J. ROSS EVANS, B.S., 
PAUL A. PRENDERGAST, B.S., HENRY H. BALCH, M.D., F.A.C.S., and 
CARL W. HUGHES, M.D., Washington, District of Columbia 


‘THE EXPECTED INCIDENCE Of infection de- 
veloping in traumatic wounds following 
disaster is difficult to predict accurately be- 
cause of the multiplicity of variable factors. 
Essentially, all traumatic wounds, when 
adequately studied, have been found to be 
contaminated with various species of bacte- 
ria. In an extensive study of wounds carried 
out from 1942 through 1943 by Meleney, 
the incidence of serious infection varied 
from 6.4 per cent to 21.8 per cent, depend- 
ing in part on the type of wound. 

During the Korean conflict at a time 
when the front was stable, Altemeier and 
Pulaski noted an incidence of significant 
infection in 26.5 per cent of 128 wounds 
which they examined. 

The actual development of infection in 
any single wound is influenced by the pres- 
ence or absence of a number of predisposing 
factors; for example: the time lag between 
wounding and definitive management; num- 
ber, location, and extent of wounds; associ- 
ated injuries; foreign bodies; type, number, 
and virulence of the contaminating bac- 
teria; and the general condition of the 
patient. 

Infection will undoubtedly be a major 
problem in the management of mass casual- 
ties inasmuch as the observed incidence of 
infection in traumatic wounds incurred un- 
der relatively ideal conditions is appreciable. 


From the Division of Surgery, Walter Reed Army Institute of 
Research, Walter Reed Army Medical Center, Washington, 
D.C. 


Traumatic wounds, with their associated 
physiologic and anatomic derangements, 
including devitalized tissue, blood clots, 
and foreign bodies, are best treated by 
prompt and adequate surgical débridement. 
However, when confronted with the man- 
agement of thousands of simultaneously in- 
curred traumatic injuries, it would be im- 
possible to carry out presently accepted 
standards of therapy. The temporary pro- 
phylactic use of antibiotic or chemothera- 
peutic agents in the management of large 
numbers of casualties is a possibility. 

The usefulness of some of the chemothera- 
peutic and antibiotic agents in the preven- 
tion of infection in wounds has been studied 
in the past. The prophylactic use of oral 
sulfadiazine and the local application of a 
mixture of sulfadiazine and sulfanilamide 
to patients with soft tissue wounds, com- 
pound fractures, or burns did not decrease 
the incidence or severity of local infection 
or eliminate pathogenic organisms. How- 
ever, the occurrence of generalized invasive 
infection was diminished in the treated 
group. Sulfonamides may also delay the 
appearance of infection by prolonging the 
so-called ‘‘Golden Period.” 

In a study by Cutler and associates, peni- 
cillin did not decrease the over-all incidence 
of infection in a group of patients with 250 
soft tissue wounds and compound fractures; 
however, the penicillin dosage was much 
smaller than currently used. A number of 
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TABLE I.—CHARACTERISTICS OF MICROORGAN. 
ISMS EMPLOYED 
In vitro suscepti- 
bility to antibiotics 
Bacterial Cultural Penicillin Oxytetra- 
specie characteristics G cycline t 
P-S, Micrococcus Hemolytic, 0.04 0.62 
O-S* pyogenes aureus, Coagu- 
lase positive, 
phage type 44A 
P-R, Micrococcus Hemolytic, >50.0 6.2 
O-S pyogenes aureus, Coagu- 
lase positive 
P-R Pseudomonas — >50.0 
aeruginosa 
P-R, Escherichia — >50.0 3.1 
O-S coli 


*P=penicillin, O=oxytetracycline, S=sensitive, R=resistant. 
tMinimum inhibiting concentration - mcegm./ml. except penicillin - 
units/ml, 


investigators have shown that the develop- 
ment of gas gangrene was not prevented by 
small doses of penicillin. In experimental 
animals, larger doses of penicillin delayed 
the onset of gas gangrene. Among the newer 
antibiotics, chloramphenicol, chlortetracy- 
cline, and oxytetracycline have been found 
to be quite effective in the prevention and 
treatment of experimental gas gangrene. 

In view of the foregoing, it is probable 
that antibiotics alone will not prevent local 
wound infection. There is some indication 
that the prophylactic administration of anti- 
biotics may decrease the incidence of gener- 
alized invasive infection and prolong the 
period between the time of wounding and 
the development of localized infection. 
However, the over-all usefulness of anti- 
biotics in the early management of con- 
taminated traumatic wounds in the absence 
of adequate surgical débridement has not 
been defined. 

The following experimental studies were 
designed to evaluate the usefulness of anti- 
biotics in the early management of con- 
taminated traumatic wounds in the absence 
of surgical débridement and to define broad- 
ly some general concepts which should be 
considered when choosing an antibiotic. 
METHODS 

Healthy rabbits of both sexes weighing 6 
to 10 pounds were used. ‘The animals were 
housed in individual cages for a 7 to 14 day 


period of acclimatization and then for a 
variable period of study. The cages were 
sterilized between experiments. Animals 
were allowed free access to water and a diet 
of antibiotic-free rabbit chow. 

Experimental soft tissue wounds were 
produced which embodied the principal fea- 
tures of traumatic wounds: devitalized tis- 
sue, foreign bodies, and bacterial contami- 
nants. The hair was shaved off the left but- 
tock and thigh, and then the skin was well 
cleansed with an alcoholic soap solution. 
Operating room asepsis was employed. 
Under light ether anesthesia an area of skin 
measuring 3.5 by 3.5 centimeters and cover- 
ing the left gluteus maximus muscle was ex- 
cised. Three longitudinal incisions (each 3.5 
cm.) were made through the entire thick- 
ness of the muscle; then three superficial 
vertical incisions (3.5 cm.) were made 
through the muscle sheath (Fig. 1). The 
inferior gluteal vein and branches of the 
inferior gluteal artery were severed. Each 
portion of incised gluteus maximus muscle, 
as well as the surrounding muscle, sciatic 
nerve, and skin, was crushed by using a 
Kocher clamp. No technique other than 
crushing was used to achieve hemostasis. 
Sterile dirt (0.5 to 0.75 gm.) was then mixed 
into the wound. Finally, the wound was in- 
oculated with a suspension of bacteria in 
saline solution containing a known number 
of specific microorganisms of known. sus- 
ceptibility to antibiotics. ‘The wounds were 
not dressed; however, the animals very 
seldom licked the wounds. 

The general experimental aim was to 
compare the in vitro sensitivity of the con- 
taminating bacteria with the effect of ap- 
propriate and inappropriate antibiotics on 
the progression of the experimental wound. 
In each experiment, antibiotic treated and 
untreated animals were compared. The 
animals to receive a given treatment in each 
group were determined before wounding by 
using a table of random numbers. Animals 
and data were coded until the completion 
of an experiment so that the observers were 
unaware of the specific treatment. All ex- 
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Sanford e¢ al.: ANTIBIOTICS IN CONTAMINATED TRAUMATIC SOFT TISSUE WOUNDS 


Fic. 1. A representative series of photographs taken of the wounds of a penicillin-treated and an 






7 


untreated animal from one experiment. The wounds were primarily contaminated with a penicillin- 
sensitive Micrococcus pyogenes. a, b, c, Penicillin-treated; d, e, f, nontreated. a and d, 6 hours after 
wounding; b and e, 54 hours after wounding; c and f, 102 hours after wounding. Note that the peni- 
cillin-treated wound appears quite healthy at 54 hours, except for a small area of ischemia. By 102 
hours, there is a smal] amount of purulent exudate in the wound. The untreated wound shows local 
suppuration by 54 hours, which has become marked by 102 hours. 


perimental observations were repeated in at 
least 2 separate experiments. 

The bacterial contaminants used were all 
isolated from human infections. Their char- 
acteristics are tabulated in Table I. Cultures 
were grown 18 hours at 37 degrees C. in 
trypticase soy broth, sedimented by centri- 
fugation, and resuspended in saline solution 
(0.9 per cent) to concentrations ranging 
from 10° to 10! bacteria per milliliter. 
Wounds were contaminated with 0.5 milli- 
liter of the bacterial suspension. The num- 
ber of bacteria in the inoculum was deter- 
mined by the pour-plate technique at each 
experiment. 

Several representative antibiotics, a bac- 
tericidal, and a bacteriostatic agent were 
used in these studies. Agents were chosen 
because of their specific action against the 


test organisms and not because they were 
necessarily superior in over-all activity to 
other antibiotic agents. All antibiotics were 
administered intramuscularly twice daily 
(8:00 a.m. and 5:00 p.m.) throughout the 
period of study. The dosages administered 
resulted in blood levels comparable in height 
and duration to those which might be at- 
tained in man with standard therapeutic 
regimens. The following regimens were 
used: (1) aqueous penicillin G, 1:1 mixture 
of potassium crystalline G, and aqueous pro- 
caine G, 3,000 to 20,000 units per pound 
administered twice daily; (2) chlorampheni- 
col, intramuscular, suspended in 50 per cent 
solution of N, N dimethylacetamide, 12.5 
milligrams per pound administered intra- 
muscularly twice daily; and (3) oxytetra- 
cycline, suspended in saline solution, 2.0 
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milligrams per pound administered intra- 
muscularly twice daily. Antibiotic adminis- 
tration was begun either immediately after 
wounding or delayed for 1% or 6 hours. 
Evaluation of the progression of the 
wounds was based upon the following: 
clinical observations twice daily, rectal 
temperature twice daily, leucocyte counts, 
blood cultures, wound cultures (quantita- 
tive and qualitative), and photographs 1 to 
3 times weekly. Blood levels of antibiotics 
were found at the end of each experiment. 
Clinical observations of the wound were 
recorded on coded cards. These included 
estimation of the degree of induration, 
erythema, muscle color and consistency, 
character and quantity of exudate, and 
wound odor. At the completion of an experi- 
ment, the cards were examined, and, on the 
basis of the observations, the time of onset 
of localized infection was determined. 
Blood for culture and leucocyte counts 
was taken by cardiac puncture by using 
heparinized syringes. For culture, 1.0 milli- 
liter of blood was incorporated into pour- 
plates by using trypticase soy agar so that 
the degree of bacteremia could be deter- 
mined. Plates were incubated for 72 hours 
before discarding as sterile. Positive cultures 
were identified as to specific bacterial spe- 
cies, antibiotic sensitivity, and in some in- 
stances Micrococcus pyogenes were phage- 
typed to determine if they were of the same 
type as originally inoculated into the wound. 
Both quantitative and qualitative cul- 
tures of the wounds were done. Swab cul- 
tures were taken by one person in a standard 
manner by swabbing around the circum- 
ference of the wound and then along each 
of the incisions in the muscle. Preliminary 
studies demonstrated that the quantity of 
material picked up by the swab was 110+ 
22 milligrams, depending upon the char- 
acter of the exudate. The maximum vari- 
ability seemed small enough to make the 
technique a useful parameter of comparison. 
The maximum variability in bacterial 
counts taken from the same wound with 
duplicate swabs was approximately 30 per 


cent. The percentage of bacteria estimated 
by the swab technique immediately follow- 
ing inoculation into a wound was within 5( 
per cent of the original inoculum. The swab 
was mixed in 9.0 milliliters of saline solution 
within a few minutes after swabbing the 
wound. The saline suspension was serially 
diluted and pour-plates made. Only plates 
containing 30 to 300 bacteria were counted. 
Aliquants of the original saline suspension 
were inoculated in trypticase soy broth and 
deep tubes of thioglycolate medium. Also, 
a drop of the original suspension was 
stained, and the relative percentages of 
gram-negative and gram-positive cocci and 
bacilli in approximately 200 fields were es- 
timated. Aerobic cultures were picked to 
pure culture after 48 hours, while anaerobic 
cultures were incubated 7 days. Identifica- 
tion of the bacteria isolated from the aerobic 
and anaerobic broth cultures was based 
upon standard biochemical fermentation re- 
actions. Members of the genus Clostridium 
were divided on the basis of motility and 
lecithinase production in 10 per cent egg 
yolk agar. Lecithinase positive, nonmotile 
bacteria were classified as Clostridium per- 
fringens, while the remainder were clas- 
sified as Clostridium species. Any Salmo- 
nella species isolated were typed using the 
Kaufman-White classification. 

Blood levels of penicillin G were assayed 
employing the hemolytic streptococcus C- 
203 as the test organism and human type 
O blood as an indicator. The sensitivity of 
the test organism was 0.0156 unit per milli- 
liter. Blood levels of chloramphenicol were 
measured in arithmetic dilutions of plasma 
using Bacillus cereus as the test organism. 
The sensitivity of Bacillus cereus was 2.0 
micrograms per milliliter. Blood levels of 
oxytetracycline were measured in arithmetic 
dilutions of plasma using Staphylococcus 
aureus “SM” as the test organism. The 
sensitivity of staphylococcus ‘‘SM” to oxy- 
tetracycline is 0.2 microgram per milliliter. 
At each assay, a standard of the appropriate 
antibiotic was run in parallel with the plasma 
samples to be tested. 


Fe» OT 


itn 


ec aaa ail oma Di 














p' 
Ww 
d 





ed 
w- 
5( 

ab 
on 
he 
lly 
tes 


on 
nd 
sO, 
ras 


nd 
eS- 

to 
v1C 


v1C 


ite 
na 





wi Attia SSE. 


Acasa inisicdil ules. 





ae slo 








The duration of observation in the first 
-roup of experiments (39 animals) was 24 
o 44 days. The subsequent experimental 
eroups (295 animals) were followed closely 
lor 6 to 7 days. 

The effect of exposure of the rabbits im- 
inediately before wounding to sublethal 
quantities of total body x-irradiation on the 
progression of the wounds was studied in 
treated and nontreated animals. The ex- 
perimental plan, treatment, and evaluation 
was similar to that employed in nonirra- 
diated animals except that in each experi- 
ment x-irradiated and nonirradiated groups 
were studied simultaneously. Leucocyte 
counts, hematocrit determinations, and 
blood cultures were carried out daily or 
every other day. Wound cultures were not 
done. Animals received 400 roentgens in 
air total body x-irradiation while being ro- 
tated about a cephalocaudad axis. Irradia- 
tion factors were: target skin distance 60 
centimeters, 36.4 to 42.0 roentgens per min- 
ute, filtration 1 millimeter of aluminum, 
1 millimeter of copper, half value layer 2.1 
millimeters of copper, 250 kilovolts, 30 mil- 
liamperes. In this strain of rabbits, by using 
these techniques, the minimal lethal dose 
(MLD) is approximately 800 roentgens. 

The results between various groups and 
therapeutic regimens were subjected to sta- 
tistical analysis by using four-fold contin- 
gency tables and the method of chi square. 
The Yates correction for continuity was used 
if any of the expected values were less than 
10. Mean values were calculated and the 
standard error of the differences between 
means was compared by using the t test. 
Probability values of 0.05 or less were con- 
sidered statistically significant. 


RESULTS 


The wounds in the first group of animals 
were contaminated with a strain of Micro- 
coccus pyogenes var. aureus, P-S, O-S. The 
treated animals received 3,000 to 6,000 units 
of penicillin G (1:1 crystalline-procaine mix- 
ture) intramuscularly twice daily for the 


duration of the experiment. This group of 
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TABLE II.—IN VIVO EFFECTIVENESS OF PENICILLIN 


THERAPY IN RABBITS WITH NONDEBRIDED 

WOUNDS PRIMARILY CONTAMINATED WITH 

PENICILLIN-SENSITIVE BACTERIA 

_._Nontreated__. ____Treated__ 

Observations No./total Percent No./total Percent r 
Mortality* 7/15 47 3/24 12 <0.05 
Bacteremia 8/15 53 5/24 21 >0.10 
Leucocyte counts 

>15,000 3/15 20 1/24 4 >0.10 

< 5,000 2/15 13 1/24 4 


Penicillin dosage: 3,000 to 6,000 units/Ib. twice daily. Contaminant: 
M. pyogenes var. aureus. 
*Mortality immediately following cardiac puncture excluded. 


animals was observed for a period of 24 to 
44 days at which time healing of the wounds 
had occurred. 

Contamination with a “‘penicillin-suscep- 
tible” microorganism followed very shortly 
by adequate penicillin treatment was spe- 
cifically chosen in this first group of animals. 
If beneficial effects could not be demon- 
strated under these relatively “‘ideal’’ con- 
ditions, further studies would be of little 
value. 

The mortality rate due to infection was 
decreased from 47 to 12 per cent in the pen- 
icillin-treated animals (statistically signifi- 
cant) (Table II). Death was considered to be 
the result of infection if associated with bac- 
teremia, or if antecedent rectal temperatures 
were over 105 degrees F. and death did not 
immediately follow cardiac puncture. The 
maximum number of deaths in the untreated 
group occurred on the third day after wound- 
ing, while in the treated group all deaths 
occurred on the eleventh day. 

Positive blood cultures were considered 
‘significant’ if 5 or more subsurface colo- 
nies per milliliter of blood were demon- 
strated on the pour-plates. The incidence of 
significant bacteremia was not significantly 
lower in the penicillin-treated group (‘Table 
Il). The degree of bacteremia varied from 
a few bacterial colonies per milliliter to 
greater than 1,000 colonies per milliliter. 
The degree of bacteremia did not differ 
between the treated and nontreated groups, 
averaging 74 colonies per milliliter in treated 
and 102 colonies per milliliter in nontreated 
animals. The initial positive blood cultures 
occurred most frequently in the first week 
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TABLE III.—IN VIVO EFFECTIVENESS OF PENICILLIN 


THERAPY IN RABBITS WITH NONDEBRIDED 
WOUNDS PRIMARILY CONTAMINATED WITH 
PENICILLIN-SENSITIVE BACTERIA 
— Onset of localized infection, hours— 
Delay in R; _Jentvets i. =f Treated 

hours No. Meant+SEM No. Mean+SEM r 

0 5 68 + 10.0 5 1124+4.8 <0.01 
1.5 5 40+ 6.0 11 83+4.4 <0.01 
5 4 55+12.4 6 79+6.8 >0.05 


in the untreated animals, and in the second 
week in the treated animals. All of the posi- 
tive cultures except 1 contained only 1 bac- 
terial specie. Seventy-seven per cent of the 
positive cultures were Micrococcus pyog- 
enes var. aureus with the same antibiotic 
sensitivity as the original wound contami- 
nant. Several of these Micrococcus pyogenes 
were phage-typed and were the same as the 
original contaminant. The bacteria isolated 
from the remaining positive blood cultures 
were Alcaligenes metalcaligenes. Alcaligenes 
metalcaligenes was isolated from 3 of the 5 
penicillin-treated groups of animals develop- 
ing bacteremia, and Micrococcus pyogenes 
was isolated from each of the 2 remaining 
animals. Micrococcus pyogenes was isolated 
from all 8 of the positive cultures in the con- 
trol group. 

The febrile responses in both groups were 
variable; however, rectal temperatures of 
greater than 106 degreés F. occurred more 
frequently in the control animals. ‘Tempera- 
tures in the treated animals tended to return 
to baseline values of 103 degrees F. within 
24 hours of wounding, while this return was 
delayed for an additional 24 to 48 hours in 
the control animals. 

Leucocyte counts were quite variable in 
both groups; however, marked leucocytosis 
or leucopenia probably occurred more fre- 
quently in the nontreated animals (Table 
Il). Weight changes were similar in the 
survivors of each group. There was an aver- 
age weight loss of 6 ounces which persisted 
until the third week after wounding at 
which time both groups regained their pre- 
wounding weight. 

One of the most striking observations was 
the delay in the onset of local wound sup- 


puration as manifested by a persistence of 
apparently viable muscle, lack of local ex- 
tension and a delay in the appearance of 
wound odor, erythema, induration, and 
purulent exudate. In animals treated im- 
mediately after wounding, this delay was 
about 60 hours (Table III). If the initial 
administration of 6,000 units per pound of 
penicillin was delayed until 6 hours after 
wounding, there was not a significant delay 
in the onset of localized infection. It should 
be emphasized that penicillin did not pre- 
vent the development of wound suppuration, 
but merely delayed the time of occurrence. 

The quantitative bacterial counts per 100 
milligrams of wound exudate are tabulated 
in Table IV. There were no differences in 
the total number of bacteria in the treated 
and nontreated wounds until approximately 
the thirteenth day, at which time the peni- 
cillin treated animals probably had greater 
total numbers of bacteria than did the con- 
trol animals. Differential estimates of the 
percentage of gram-positive and gram-riega- 
tive cocci and bacilli on a smear of wound 
exudate did not prove to be particularly 
valuable. In general, if gram-positive cocci 
such as Micrococcus pyogenes were inocu- 
lated into a wound, they tended to predom- 
inate (60 to 75 per cent of stained organisms) 
on wound smears for 24 to 48 hours. Gram- 
negative bacilli became predominant after 


TABLE IV.—DIFFERENCES IN QUANTITATIVE BAC- 
TERIAL COUNTS 


Days post —-Nontreated__— 
wounding* No. Log bacterial 


counts +SEM 


ee S|) 
No. Log bacterial i PY 


counts + SEM 


3 3 7.875 +0.120 6 6.909 +0.284 1.07 >0.10 
P=0.05 tP >0.50 
4 7 7.346 +0.198 9 6.688+0.614 1.02 >0.10 
P >0.10 P >0.50 
ij 3 7.685 + 0.322 5 5.8294+1.260 1.42 >0.10 
P <0.01 P >0.50 
10 — — 10 6.405+0.220 — = 
P >0.50 
13 4 5.248 + 0.436 5 6.449+0.338 2.31 =0.05 .¥ 
P >0.10 
17 _— —- 6 5.384+0.435 — oo 
P <0.01 
23 aa _- 5 3.241+0507 — — 


*Day of wounding counted as day 1, thus day 3 is 48 hrs. 

+P values based on comparison of treated with nontreated animals at a 
given day after wounding. 

{P values based on comparison of consecutive days in either treated or 
nontreated groups. 
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the 24 to 48 hour period. No differences 
were detectable between the penicillin 
treated and control groups. The gram-nega- 
tive bacteria in the wounds were probably 
the result of secondary contamination of 
open wounds. 

The qualitative bacterial flora of these 
wounds was polymicrobic. An average of 
6.2 bacterial species was isolated from each 
wound culture. ‘The predominant bacterial 
species isolated were: Micrococcus pyogenes 
var. aureus and albus; Escherichia coli; 
Clostridium perfringens; nonhemolytic 
streptococci; nonspore-forming gram-posi- 
tive aerobic bacilli; as well as coliform or- 
ganisms. These consisted of Aerobacter 
species, Paracolobactrum species, Proteus 
species and Pseudomonas species. Penicillin 
treatment did not increase the percentage 
of Proteus or Pseudomonas species isolated. 

The dose of penicillin G used to treat this 
group of animals was 3,000 or 6,000 units 
per pound of a 1:1 mixture of crystalline 
with aqueous procaine penicillin given twice 
daily. This quantity of penicillin gave ex- 
cellent blood levels for 4 hours; however, 
by 8 hours there was no measurable circu- 
lating penicillin (Table V). 

Granulation tissue became apparent dur- 
ing the third week after wounding, and heal- 
ing occurred by about 30 days. The rate of 
closure and time required for complete heal- 
ing was the same in the treated and non- 
treated groups. 

On the basis of the observations of the 
apparent value of penicillin, particularly in 
delaying the onset of localized infection in 
nondébrided traumatic wounds contami- 
nated with penicillin-sensitive Micrococcus 
pyogenes, further experimental groups were 
studied. These experiments were designed 
primarily to study the delay in onset of 
localized infection and to define broadly 
some of the factors which determined the 
usefulness of an antibiotic. The general plan 
was to contaminate wounds with bacteria of 
known antibiotic sensitivity in-vitro, then to 
treat the animals with either appropriate 
cr inappropriate antibiotics. 
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TABLE V.—ANTIBIOTIC BLOOD LEVELS 
Blood level (u. or mcgm./ml.)* 


Antibiotic Dose Yhour 1 z 4 6 8 16 
Penicillin 4,000u. 9.4 7.3 5.2 1.6 0.08 <0.039 
20,000 u. 19.4 20.0 13.3 9.2 3.1 0.8 <0.039 
Oxytetra- 
cycline 2.0mgm. 2.4 2.3 1.6 1.0 0.7 


*Mean levels based on 9 animals each. Penicillin levels in units/ml. 
Oxytetracycline levels in mcgm./ml. 


These groups of animals were closely ob- 
served for a period of 6 to 7 days, at which 
time suppuration and infection had devel- 
oped in most of the wounds, both treated 
and nontreated. 

The dosage of penicillin used in these 
groups was increased to 20,000 units per 
pound of the 1:1 crystalline-procaine peni- 
cillin mixture given twice daily to provide 
longer periods of antibiotic coverage. ‘Treat- 
ment was begun within 1 hour of wounding 
in all experiments. By using this therapeutic 
regimen, the animals had adequate blood 
levels for a minimum of 16 hours a day 
(Table V). Other groups of animals were 
treated with chloramphenicol or oxytetra- 
cycline. The observations on chlorampheni- 
col treatment have not been included in the 
report because the absorption of chloram- 
phenicol after intramuscular injection into 
rabbits was erratic and local sterile abscesses 
at the injection sites were frequently found. 
The blood levels of oxytetracycline attained 
are comparable to those which can be main- 
tained in man on standard doses of oral 
oxytetracycline (Table V). 

Five major experimental groups were 
studied. In the first group the effect of peni- 
cillin on the same strain of penicillin-sensi- 
tive Micrococcus pyogenes as used in pre- 
liminary studies was repeated; a comparison 
of the effectiveness of oxytetracycline and 
penicillin on this same strain of Micrococcus 
pyogenes makes up the second group (Table 
I). In the third group treatment with peni- 
cillin and oxytetracycline was compared in 
wounds contaminated with a_penicillin- 
resistant strain of Micrococcus pyogenes. 
The effect of penicillin in wounds contami- 
nated with Pseudomonas aeruginosa, which 
is highly resistant to penicillin, was studied 
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TABLE VI.—COMPARISON BETWEEN ANTIBIOTIC SENSITIVITY IN VITRO AND EFFECTIVENESS IN VIVO i : 
; Bacterial i 
Experi- contaminants* Effect of antibotics on onset of infection, hours : | 
mental (antibiotic SO) |) ee!) |)! ____Oxytetracycline— fy 
group sensitivity) No.t Mean + SEM PY No. Mean+SEM PP No. Mean+SEM re 
1 M. pyogenes (P-S) 26 43+2.8 <0.01 27 118 +10 ' 
Z M. pyogenes (P-S, O-S) 12 30+3.1 <0.01 6 82+8.5 =0.10 10 61 +8.2 <0.01 
3 M. pyogenes (P-R, O-S) 22 33+2.1 <0.01 2 4242.1 <0.01 8 77 £5.7 <O.01¢ 
4 Ps. aeruginosa (P-R) 14 52+3.7 <0:05 15 66 + 4.6 
5 M. pyogenes (P-S, O-S) 24 50+ 3.1 €6:01 2 67 +2.9 =().02 15 79+4.1 <0.01 
and E. coli (P-R, O-S) 
*P-S=abbreviation for penicillin-sensitive; P-R =penicillin-resistant; O-S=oxytetracycline-sensitive. 4 


tNo. of animals included in each therapeutic group. 


{P!=comparison of means of control vs. penicillin; P?=penicillin vs. oxytetracycline; P’=control vs. oxytetracycline. 


TABLE VII. 


Bacterial contaminants Control 


(antibiotic sensitivity) No./total Per cent 
I. Mortality 
1. M. pyogenes (P-S)* 1/26 4 
2. M. pyogenes (P-S, O-S) 1/12 8 
3. M. pyogenes (P-R, O-S) Vfa2 32 
4. Ps. aeruginosa (P-R) 0/15 0 
5. M. pyogenes (P-S, O-S) 
and E. coli (P-R, O-S) 0/24 0 
II. Bacteremia 
1. M. pyogenes (P-S) 3/26 12 
2. M. pyogenes (P-S, O-S) 1/12 8 
3. M. pyogenes (P-R, O-S) 1/22 5 
4. Ps. aeruginosa (P-R) 2/15 13 
5. M. pyogenes (P-S, O-S) 
and E. coli (P-R, O-S) 0/24 0 
*P-S—abbreviation for penicillin-sensitive; P-R —penicillin-resistant; 
+P!—comparison of means of control vs. penicillin, 


in the fourth group. In the fifth group the 
effects of either penicillin or oxytetracycline 
were compared in wounds contaminated 
with a mixed culture containing a penicillin- 
resistant, oxytetracycline-sensitive Escher- 
ichia coli and the same penicillin-sensitive, 
oxytetracycline-sensitive Micrococcus pyog- 
enes as used in groups 1 and 2. 

The comparisons between the in vitro an- 
tibiotic sensitivity of the contaminating 
bacteria and the effectiveness of various 
antibiotics on delaying the onset of localized 
wound infection are tabulated in Table VI. 
In groups 1 and 2, penicillin administration 
resulted in a mean delay in onset of infection 
of 75 to 52 hours (Fig. 1). Oxytetracycline 
was somewhat less effective than penicillin; 
however, the dosage of penicillin admin- 


COMPARISON BETWEEN ANTIBIOTIC SENSITIVITY IN VITRO AND EFFECTIVENESS IN VIVO } 


Effect of antibiotics 


Penicillin Oxyletracycline_ _ | 
Puy No./total Per cent No. /total Per cen 
0/27 0 
0/6 0 0/10 0 
>0.20 3/235 tT 0/8 0 
0/14 0 
1/21 5 1/15 7 
0/27 0 
0/6 0 1/10 10 j 
0/23 0 0/8 0 
1/14 7 
0/21 0 0/15 0 
O-S—oxytetracycline-sensitive, 
(groups 3 and 4). Oxytetracycline was very 


istered was relatively greater than that of 


oxytetracycline. Penicillin exerted a statis- 
tically significant though biologically mini- 
mal beneficial effect in wounds contam- 
inated with penicillin-resistant bacteria 


effective in the animals with wounds con- 


taminated with oxytetracycline-sensitive but ! 


penicillin-resistant Micrococcus 


pyogenes | 


| 
FY 


(group 3). In wounds contaminated with two 


bacterial species, one of which was penicillin- 
sensitive, while both were oxytetracycline- 
sensitive, penicillin was somewhat beneficial 
though oxytetracycline was superior. When | 
the appropriate antibiotic was administered 
in these studies, the minimal mean delay in 
onset of localized wound infection was 29 
hours. If an inappropriate antibiotic was 
administered, the maximal mean delay was 
14 hours. 

The mortality rate and incidence of bac- 
teremia in these groups of animals were 
quite low in both the treated and untreated 
groups (Table VII). In general, the mortal- 
ity rate was higher in the controls and in 
the groups treated with inappropriate anti- 
biotics than in the animals treated with 
appropriate antibiotics. (Groups 1, 2, and 3: 
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TABLE VIII.—DIFFERENCES IN QUANTITATIVE BACTERIAL COUNTS 


B.. ‘erial Time 
Co uminants post feet OF amtubianes om Gacterial counts. a eee 
(ar “htotic wounding, eS | ee __.____Pemerlisn : ____Oxyletracycline____ 
sen: tivity) hrs. No. MeantSEM  P't No. Mean+SEM P* No. Mean+SEM P% 
1. \!. pyogenes (P-S)* 24 16 6.174 + .297 <0.01 17 3.629+ .471 
72 14 7.254 + .054 <0.01 15 4.693+ .640 
100 2 7.353 + .100 >0.10 4 4.705 + 1.694 
2. \L. pyogenes (P-R) 24 7 7.611 +.143 >0.10 8 7429+ .158 
96 5 8.308 + .141 >0.10 7 8.450+ .142 
3. \L. pyogenes 18 8 7.685 + .139 >0.50 6 7.796+ .179 >0.10 8 7.601 + .173 >0.50 
(P-R, O-S) 
4, Ps. aeruginosa (P-R) te 14 7.910 + .152 >0.10 15 8.261+ .140 


*P-S=abbreviation for penicillin-sensitive; P-R=penicillin-resistant; O-S—oxytetracycline-sensitive. 
+P!=comparison of means of control vs. penicillin; P?=penicillin vs. oxytetracycline; P?=control vs. oxytetracycline. 


TABLE IX.—EFFECT OF SUBLETHAL TOTAL BODY X-IRRADIATION ON IN VIVO EFFECTIVENESS OF 
ANTIBIOTICS* 


ES Cee |!) see 7 ee 
No x-ray__ —X-ray__._ — No x-ray _. — X-ray. No x-ray_ SS 
No. No. No. No. No. No. 

Onset of infection 18 38 +3.0 7 8 8693242:2 16 82+7.6 13 88+8 5 65 +16 5 5744.4 
(Mean +SEM hr.) 
Mortality tf (No./total) - 1/18 — 5/17 — 0/16 _ 1/13 - 0/5 -— 0/5 
Bacteremia (No. /total) 2/18 — 2/17 — 0/16 _ 0/13 - 0/5 - 1/5 
WBC at 40 hrs. 11 9.63+1.09 12 1.48+041 9 10.49+1.87 11 1.9340.40 5 10.36+1.67 5 2.37+0.58 
(1000's /mm.*) 
Hematocrit at 96 hrs. 6 30.942.2 4 26.542.9 § 30.7+1.5 4 BS+zt2A1 : - = — 


(per cent) 


*Animals received 400 roentgens total body x-irradiation. Wounds contaminated with M. pyogenes (P-S, O-S). Treatment begun within 30 
minutes, 
{Mortality rate within 10 days after wounding. 


controls and inappropriate treatment, 12 of The qualitative bacterial flora was similar 
83 died; appropriate treatment, 0 of 51 died __ in all groups. Though penicillin was able to 
P<0.02.) suppress the total bacterial population, Mi- 


The leucocyte counts and febrile responses = crococcus pyogenes was eliminated from 
were variable but in general corresponded — only 4 of 15 treated wounds, while disap- 
to those observed in the first studies: pearing from i of 14 nontreated wounds. 

The effect of the larger doses of penicillin All cultures yielded a polymicrobic flora 
and oxytetracycline on the bacterial flora of similar to that observed in the earlier group. 


the wounds was studied. The administration The effect of sublethal total body x-irra- 
of penicillin to animals with wounds con- _ diation on modifying the usefulness of ap- 
taminated with penicillin-sensitive Micro- — propriately chosen antibiotics was studied. 


coccus pyogenes kept the total bacterial Rabbits were exposed to 400 roentgens of 
counts per 100 milligrams of wound exudate __ total body x-irradiation 2 hours or less be- 
suppressed significantly below control levels fore wounding. ‘The wounds were contam- 
for 72 hours (Table VIII). The difference inated with the strain of penicillin-sensitive, 
was not significant at 100 hours, which was __ oxytetracycline-sensitive Micrococcus pyog- 
slightly less than the mean time of onset of | enes. Treatment was begun within 30 
local infection in this group. In the control minutes after wounding. There were no 
animals the bacterial population had almost significant differences in onset of infection, 
reached maximal levels by 24 hours, even mortality rate, or incidence of bacteremia 
though the mean onset of clinical wound _ between x-irradiated and nonirradiated an- 
siuppuration was 43 hours. Penicillin admin- _imals in any of the treated groups (Table 
istered in inappropriate circumstances and IX). The effectiveness of either penicillin or 
oxytetracycline in relatively smaller doses — oxytetracycline in delaying the onset of local 
had no effect on the total bacterial flora. wound suppuration was the same as ob- 
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served in the earlier studies (Table VI). 
The amount of exposure to x-irradiation, 
while sublethal, was sufficient to produce a 
marked leucopenia by 36 hours with return 
toward normal values by 96 hours (Table 
IX). The wounds in the x-irradiated animals 
were healed at approximately 30 days, which 
was the same as observed in nonirradiated 
animals. 


DISCUSSION 

Of all the measures designed to prevent 
infection in traumatic wounds, the most sat- 
isfactory prophylactic procedure is prompt, 
adequate surgical débridement. However, if 
confronted with the management of thou- 
sands of simultaneously incurred traumatic 
injuries, it would be impossible to carry out 
optimal surgical débridement. ‘The tempo- 
rary prophylactic use of antibiotic or chemo- 
therapeutic agents as an adjunct to the early 
management of large numbers of casualties 
is a possibility. 

Antibiotic prophylaxis should be divided 
into two types: complete prophylaxis and 
partial prophylaxis. In complete prophy- 
laxis the administration of a suitable chem- 
ical or antibiotic compound suppresses, 
eradicates, or prevents a disease state; for 
example, the use of chloroquine in malaria. 
In partial prophylaxis suitable agents may 
modify the course of infection, but preven- 
tion, suppression, or eradication requires 
additional means; for example, infection in 
traumatic wounds. Antibiotics in this latter 
category are not and probably never will be 
primary therapy, though they may facilitate 
the handling of the basic problems which 
often require surgical correction. 

In experimental, contaminated, nondé- 
brided soft tissue wounds we again observed 
that antibiotics will not prevent the occur- 
rence of localized wound infection. How- 
ever, the occurrence of local extension and 
of generalized invasive infection as mani- 
fested by systemic toxicity, bacteremia, and 
death was decreased under certain experi- 
mental conditions. Likewise, the period 
between wounding and the development of 
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localized wound infection was prolonged 
under the same experimental conditions. 
This delay in the development of infection 
seems to be adequate reason for the prophy - 
lactic administration of antibiotics to indi- 
viduals with wounds in which there will be 
a delay in the primary surgical manage- 
ment of hours or even days. 

The choice of a specific agent or agents is 
a controversial one. No one agent is entirely 
satisfactory, even for partial prophylaxis. 
The choice of the antibiotic for nonindivid- 
ualized, wide-scale prophylaxis should be 
based in part on its antibacterial spectrum 
with regard to the microbial flora of trau- 
matic wounds (clostridia, staphylococci, 
beta hemolytic streptococci, and coliforms), 
the ease of administration, the known side 
effects, and perhaps its mode of action. The 


early administration of large quantities of 


an antibiotic to experimental animals ex- 
erted little, if any, beneficial effect as regards 
decreasing the incidence of generalized in- 
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fection or delaying the onset of localized ~ 


wound suppuration if the wounds were con- 
taminated with bacteria which were resist- 
ant to the antibiotic being administered. 
The slight effect noted with the large dosage 
of penicillin was probably its effect on sec- 
ondary contaminants. Again, it should be 
emphasized that the choice of antibiotics 
used in these studies was based on their 
effectiveness against the specific test organ- 
isms employed and not because they are 
necessarily superior to other bactericidal or 
bacteriostatic antibiotics. Studies are cur- 
rently in progress to ascertain the over-all in 
vitro susceptibility of the bacterial mixture 
found in street dirt from various locations, 
to evaluate the usefulness of various antibi- 
otics in rabbits with wounds primarily con- 
taminated with street dirt, and to compare 
further the in vitro and in vivo observations. 

Rabbits exposed to amounts of x-irradia- 
tion which were sublethal but sufficient to 
induce a profound leucopenia responded in 
the same fashion as their nonirradiated con- 
trols. The failure of the irradiated animals 
to develop overwhelming bacteremia with 


ent on 








the 
foc 
ove 
be 


let] 


the 
sta 
rad 
cane 
age 
wh 
oth 
din 
Ift 
to 

mis 
cor 
rec 


SUM 


in 1 
bio 
ina 
abs 


the 
not 
wo 
twe 
loc 
cer 











Seen. 





the contaminated wounds serving as the 
focus was somewhat surprising. However, 
overwhelming bacteremia does not seem to 
be an important feature in the syndrome of 
lethal total body x-irradiation in the rabbit 
as it does in the mouse, rat, and perhaps 
the dog. Oxytetracycline, which is bacterio- 
static in action, was as effective in the x-ir- 
radiated animals as in the nonirradiated 
group. It was believed that a bacteriostatic 
agent might be less effective in the animal 
which was leucopenic and in which perhaps 
other antibacterial defense mechanisms were 
diminished as a result of the x-irradiation. 
If the amount of x-irradiation was increased 
to the midlethal range, these observations 
might not hold true. Yet the major clinical 
concern is with patients who might have 
received sublethal amounts of irradiation. 


SUMMARY AND CONCLUSIONS 


1. Experimental studies were carried out 
in rabbits to evaluate the usefulness of anti- 
biotics in the early management of contam- 
inated traumatic soft tissue wounds in the 
absence of surgical débridement. 

2. The administration of antibiotics to 
these animals with nondébrided wounds did 
not prevent the development of localized 
wound infection. However, the period be- 
tween wounding and the development of 
localized infection was prolonged under 
certain experimental conditions. 


Sanford et al.: ANTIBIOTICS IN CONTAMINATED TRAUMATIC SOFT TISSUE WOUNDS 






15 





3. The early administration of either a 
bactericidal or a bacteriostatic antibiotic 
prolonged the period between wounding and 
the development of localized infection and 
decreased the incidence of systemic toxicity, 
bacteremia, and death, provided the wounds 
were primarily contaminated with bacteria 
which were sensitive in vitro to the specific 
antibiotic. ‘The early administration of large 
quantities of an antibiotic exerted little, if 
any, beneficial effect if the wounds were 
primarily contaminated with bacteria which 
were resistant to the antibiotic being ad- 
ministered. 

4. Exposure of rabbits to sublethal 
amounts of total body x-irradiation did not 
alter their response to these traumatic 
wounds or alter the effectiveness of either a 
bactericidal or bacteriostatic antibiotic if 
the wounds were primarily contaminated 
with bacteria sensitive to the particular an- 
tibiotic administered. 
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PULMONARY VASCULAR CHANGES INDUCED 
BY EXPERIMENTALLY PRODUCED PULMONARY i 


ARTERIAL HYPERTENSION 


J. FRANCIS DAMMANN, JR., M.D., JAMES P. BAKER, M.D., and 
WILLIAM H. MULLER, JR., M.D., F.A.C.S., Charlottesville, Virginia 


THE PATHOGENESIS, life history, and reversi- 
bility of pulmonary vascular disease have 
acquired increasing significance because of 
the improved surgical treatment of congen- 
ital and acquired heart disease. ‘The impor- 
tance of pulmonary hypertension as an 
initiating factor in the production of pulmo- 
nary vascular disease has been pointed out 
previously (2). Marked pulmonary hyper- 
tension, which results in an acute arteritis 
leading to intimal proliferation and medial 
and adventitial hypertrophy, has been pro- 
duced by anastomosing a left upper lobe 
pulmonary artery to the left subclavian ar- 
tery. Vascular changes, consisting primarily 
of arterial medial hypertrophy, are not as 
marked when lesser degrees of pulmonary 
hypertension are produced. These studies, 
however, emphasized the end result of pul- 
monary hypertension rather than the pat- 
tern followed by reaching that end result. 
Although thrombo-embolization appeared 
an unlikely exciting agent in the production 
of pulmonary vascular changes, these studies 
did not conclusively establish their patho- 
genesis. The purpose of this report is to pre- 


sent evidence concerning the pattern of 


progression from the time the lung is sub- 
jected to a high intravascular pressure until 
the final vascular lesions have evolved. 


METHODS 


Pulmonary hypertension was created in 
the left upper lobes of mongrel dogs by the 

From the Department of Surgery, University of Virginia, 
School of Medicine, Charlottesville, Virginia. 
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ip 
end-to-end anastomosis of the left subclavi- 
an and left upper lobe pulmonary artery. 


The anastomosis was made as large as pos- 
sible. Control and follow-up pressures were 
obtained by inserting a needle connected to 
a Statham transducer at the following sites: : 
left upper lobe pulmonary artery close to the 
lung parenchyma; in the subclavian artery 
(by passing the needle in a retrograde fash- 
ion through the anastomosis); the aorta; | 
the main pulmonary artery; and, the left 
auricle. Control biopsies were sectioned 
from the left upper lobe and left lower lobe. | 
A left upper lobectomy was done from 1 
to 11 weeks after the initial procedure. Pres- 
sures were again obtained. The gross appear- 
ance of the affected lung was noted and the 
size of the anastomosis recorded. The lung 
was then serially sectioned and elastic tissue 
and hematoxylin and eosin stains were made. 
A second left lower lobe control biopsy was 
also obtained. 


RESULTS 

Forty-one dogs comprised this series. 
‘Twelve animals died during the immediate 
postoperative period. Ten animals were 
found to have a thrombosed anastomosis. 
None of the animals developed cardiac fail- 


ure. Left auricular pressures and main pul- | 


monary artery pressures remained normal. 
Pressures obtained from the aorta and distal 


pulmonary artery during both operative — 
procedures are recorded in Table I. In most © 
instances, the distal left upper lobe pulmo- | 


nary artery pressure approximated the aortic 
pressure and showed no significant change. 








a alae Pe St Bh Tl iS 


os eee 
sissies a 


- - 


( 


4 


5 
| 





gr 
m. 
tu 





1Vi- 
ry. 
)OS- 
ere 


ies. 
late 
ere 
SIS. 
ail- 
yul- 
aal. 
stal 
hive 


1OSt | 


no- 


rtic § 


ge. 








th eRe ates es 








TABLE I.—PRESSURE STUDIES, WEEK OF SECOND OPERATION 
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— _________Pressures, millimeters of mercury _ Per cent Mean 
Size of Left upper lobe Main pulmonary Left of mean aortic 
shunt, mm. ______Subclavian_ pulmonary artery | en arlery auricle pulmonary pressure, 
Ih eek Ist 2nd Ist 2nd Ist 2nd Ist 2nd Ist 2nd 2nd artery per cent 
1 4 4 92/67 87/57 87/67 80/75 97/78 77/57 24/13 23/11 —_— 90 111 
2 ee 2 95/80 92/75 95/80 95/80 102/86 100/85 21/13 22/12 4/0 93 95 
3.6 CL 2S 625 8658/43 90/65 55/40 85/57 55/40 91/62 17/15 15/6 5/0 100 94 
4 6 6 95/75 80/57 95/75 72/57 =110/95 77/57 22/9 20/6 7/0 85 94 
5 5s 5+ 120/92 97/80 95/80 82/72 125/105 77/67 23/12 17/8 14/0 76 105 
6 65 65 75/55 78/60 65/50 81/60 77/67 70/50 40/28 20/11 7/4 95 116 
7 3.5 4.0 11/105 132/110 117/105 125/105 115/100 135/110 18/6 25/16 7/1 102 94 
& 3 4 162/131 135/115 150/122 130/110 163/132 147/120 43/22 28/13 6/1 92 89 
10 «4 3.5 102/84 100/72 100/85 82/75 82/67 96/57 ~- 26/16 8/1 123 94 
11 5 4 78/62 117/105 65/58 124/102 70/65 116/102 - 26/14 _ 90 103 


‘The progression of changes in the pulmonary 
vascular bed followed a distinctive pattern. 
‘The control biopsy taken from the left lower 
lobe appeared normal in every respect. The 
alveoli were opened and found to be thin- 
walled. The pulmonary arteries were like- 
wise found to be thin-walled and wide-lu- 
mened, and the capillary bed was normal. 
The left upper lobe control tissue taken im- 
mediately after opening the anastomosis 
showed the presence of definite pathologic 
changes. The vascular bed appeared en- 
gorged and dilated, and areas of intra-al- 
veolar hemorrhage were seen. 

Changes near the anastomosis had _pro- 
gressed over a period of 1 week. There was 
marked dilatation, engorgement, and tor- 
tuosity of the entire vascular tree. Wide- 
spread parenchymal hemorrhage was pres- 
ent, and areas of hemorrhage were noted in 
and around the small muscular pulmonary 
arteries. ‘The outermost elastic fibers of the 
elastica externa were frequently separated 
from the remaining media by a layer of red 
cells. The elastica interna frequently ap- 
peared fragmented. There was actual wall 
disruption and necrosis of some small mus- 
cular arteries. ‘The subintimal and medial 
layers of some vessels were infiltrated by 
polymorphonuclear leucocytes and round 
cells, producing a partial obstruction. The 
invasion of the media by leucocytes distin- 
cuished these lesions from acute thrombus 
formation. In other vessels, a cuff of leuco- 
cytes, round cells, and red blood cells was 
‘ound surrounding the vessel and often in- 
‘ading the adventitia. 


Sections obtained 3 weeks after the initial 
operation revealed a decrease in the amount 
of intra-alveolar hemorrhage and edema 
and decreased alveolar wall thickening. 
There were areas of focal atelectasis, bron- 
chitis, and pneumonitis. The red blood cells 
previously seen in the adventitia and peri- 
vascular spaces of the small muscular pul- 
monary arteries were partially replaced by 
round cells and by an acid-staining collagen 
material. Lumen-wall ratio studies of the 
small muscular pulmonary arteries revealed 
a decrease in ratio, indicating a relative in- 
crease in medial hypertrophy (1). 

At 6 weeks, gross evidence of medial hyper- 
trophy was present accompanied by a further 
increase in perivascular collagen. Fragmen- 
tation of the elastica interna was marked. At 
8 weeks, practically all arteries were involved. 
Alveolar wall thickening had almost disap- 
peared. Heavily pigmented macrophages 
were seen within the alveoli. 

A complete picture of pulmonary vascular 
disease evolved 11 weeks after the first opera- 
tion. Sections at this time were characterized 
by tremendously thickened vessels sur- 
rounded by avascular thin-walled alveoli 
with a total decrease in visible capillaries. 
Many arteries were thickened by a decided 
increase in adventitial collagen; excessive 
medial hypertrophy and intimal proliferation 
were sufficient in some to cause complete ob- 
struction of the lumen. The intimal prolifera- 
tion appeared fibrous and acellular. In other 
vessels, the microscopic anatomy of the vessel 
was partially or totally destroyed. The artery 
appeared as a cellular granulomatous lesion. 
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Fic. 3. 


Fic. 1. Control biopsy, left lower lobe. Note the thin-walled muscular pulmonary artery and the 


normal appearance of the alveolar walls. 


Fic. 2. One week biopsy. Left upper lobe. Note the perivascular hemorrhage with invasion of the 
adventitia and a point of rupture of the vessel wall. Note the alveolar hemorrhage and swelling of the 


alveolar walls. 


Fic. 3. Six weeks’ biopsy, obtained from periphery of the left upper lobe. Note the slight medial 
hypertrophy, thickening of the alveolar walls, and presence of macrophages in the lung parenchyma. 


The media appeared thin and fibrosed, and 
the intima was cellular. Endothelium-lined 
spaces, found chiefly in the perivascular zone, 
were present in all layers of the artery. Serial 
sections of these lesions indicated that they 
involved the small muscular arteries at the 
point of bifurcation from a larger pulmonary 
artery. The endothelium-lined spaces com- 
municated with the arterioles. 

Changes in the peripheral areas of the left 
upper lobe were not as rapid. At 3 to 5 weeks, 
the periphery contained changes comparable 
to those seen at 1 week close to the anastomo- 
sis. ‘hus, there appeared to be a gradual 
spread from the site of the anastomosis out 
toward the periphery. Within 11 weeks, how- 
ever, the changes were relatively uniform 
throughout the lobe. 


DISCUSSION 


The response of a lung to the sudden five- 
fold increase in intravascular pressure follows 
a characteristic pattern. The initial reaction 
is dilatation and engorgement of all available 
vascular pathways. Evidence of vascular and 


parenchymal injury then appear. Injury to 


the vessel wall is indicated by: (1) the presence | 


of perivascular and intra-adventitial hemor- 


rhage; (2) fragmentation of the elastica in- | 


terna and externa; (3) actual rupture and 


necrosis of the vessel wall; and (4) an isolated | 
or diffuse inflammatory response. Injury to © 


the parenchyma is indicated by: (1) alveo- 
lar hemorrhage and edema; (2) interstitial 


edema; and (3) the later appearance of | 


macrophages within the alveoli. The se- 


quence of changes noted in the small pul- | 


monary arteries probably results from stress. 


The high pulmonary artery pressure causes — 


dilatation and stretching to the extreme 
limit. 
crotic. Plasma and red blood cells seep into 
the vessel wall and elicit an inflamma- 


tory response. The degree of vessel destruc- | 


tion and the severity of the inflammatory 


process are probably directly related to | 


the type of vascular lesion produced. Red 
blood cells and plasma within the wall 
of the vessel are replaced by round cells 


Overstretched muscle becomes ne- | 


and then by collagen material. There is a 7] 
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Fic. 4. Six weeks’ biopsy, obtained close to the anastomosis. Note the markedly thickened small 
muscular artery and the 2 obliterated arterioles. Note the thin alveolar walls. 
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Fic. 5. Eleven weeks’ biopsy. Left upper lobe. Note the extreme thickening of all areas of the 


vessel and the perivascular inflammatory response. 


Fic. 6. Eleven weeks’ biopsy. Left upper lobe. Note the loss of anatomy, the cellular proliferation, 


and the endothelium-lined spaces. 


total increase in fibrous tissue of the adven- 
titia and all components of the media. Injury 
results in an intimal proliferation. This may 
be acellular or characterized by a markedly 
cellular appearance combined with the 
occurrence of multiple endothelium-lined 
spaces, both within the media and through- 
out the vessel wall. This latter lesion prob- 
ably represents a more severe or acute in- 


jury pattern in which the injury is actual 


disruption of the arterial wall followed by 
invasion of the entire wall with leucocytes 
and a subintimal heaping of inflammatory 
cells. In such vessels medial hypertrophy is 
less marked than when the intimal prolifera- 
tion appears acellular. 

Clearing occurs in the lung parenchyma 
as vascular narrowing progresses. Alveolar 
and interstitial hemorrhage and edema dis- 
appear, capillary dilatation subsides, and 
normal appearance of the alveolar wall re- 
‘urns. The difference in response of the lung 
parenchyma and arterial wall is probably 
related to the length of time the stressing 
orce acts upon each. A high intra-arterial 
pressure continues, but strain on the lung 


parenchyma ceases after vessel changes are 
completed, for an effective barrier has been 
built between the high pressure in the pul- 
monary artery and the distal capillary bed. 

The explanation for the gradual spread of 
changes toward the periphery is more diffi- 
cult. Hemorrhage and edema involving the 
vessels and adjacent areas are the immediate 
effect of the high pressure. Because of this 
hemorrhage, extravascular pressure is sig- 
nificantly increased and consequently the 
effective intravascular pressure is reduced. 
Distal to the area of injury, vessels are pro- 
tected by the increased extravascular pres- 
sure in the area of injury, and findings con- 
sist only of vascular engorgement and dilata- 
tion. As healing takes place, extravascular 
pressure is reduced. Effective intravascular 
pressure consequently increases and suffi- 
cient pressure is transmitted toward the pe- 
riphery tocause new areas of edema and hem- 
orrhage. Only after a period of time do ves- 
sel wall changes become sufficient to produce 
an effective obstruction to blood flow. 

The fully developed vascular lesions seen 
throughout the lung within 11 weeks follow- 
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ing the creation of pulmonary hypertension 
cannot be differentiated from the end result 
of thrombo-embolization. However, exami- 
nation of sections taken at weekly intervals 
did not reveal the presence of thrombi. Ves- 
sels in which leucocytic invasion of the medial 
and subintimal layers causes luminal obstruc- 
tion might be considered as having infected 
thrombi. However, the precursor of such le- 
sions appeared to be a rupture and necrosis 
of the vessel wall. Such lesions were relatively 
infrequent. Hypertrophy of all layers fol- 
lowed by sufficient intimal fibrosis to occlude 
the vessel was far more common. 


SUMMARY AND CONCLUSIONS 


An anastomosis between the distal left up- 
per lobe pulmonary artery and left sub- 
clavian artery produces severe pulmonary 
hypertension in the left upper lobe. 

Weekly studies following an anastomosis 
reveal a progressive vascular pattern which 
appears to be a direct result of vascular injury. 

The sequence of change is as follows: (1) 
marked dilatation, engorgement, and tortu- 
ousity of the entire vascular tree; (2) disrup- 


tion of intima, fragmentation of elastic fibers 
of the elastica interna, and occasional necro- 
sis of vessel wall; (3) hemorrhage into the 
arterial wall, perivascular space, and alveoli; 
(4) inflammatory reaction characterized by 
invasion of the vessel wall, or (5) deposition 
of fibrous material in the adventitia and 
intima and hypertrophy of the media; (6) 
partial or complete occlusion of the small 
pulmonary arteries due to intimal fibrosis 
or a cellular intimal proliferation contain- 
ing numerous endothelial lined spaces; (7) 
a clearing of parenchymal hemorrhage and 
interstitial edema as the arterial lesions 
progress. 

These changes appear to spread concen- 
trically from the shunt toward the periphery 
of the lung. 
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'UNCTIONING AND NONFUNCTIONING 


\DRENAL CORTICAL TUMORS 


PETER HEINBECKER, M.D., F.A.C.S., LAWRENCE W. O’NEAL, M.D., F.A.C.S., and 
LAUREN V. ACKERMAN, M.D., F.C.A.P., St. Louis, Missouri 


PRIMARY TUMORS Of the adrenal cortex are 
comparatively rare. In the medical litera- 
ture they are most frequently reported as 
single cases. Because of their infrequent oc- 
currence some features of their clinical be- 
havior and pathologic anatomy are not 
widely known. For this reason the recording 
of the 16 cases from the Surgical Pathology 
Laboratory of Washington University School 
of Medicine is thought to be worth while. 
‘These include 6 cases from the St. Louis 
Children’s Hospital, 7 cases from Barnes 
Hospital, and 3 outside cases, the tumors 
and clinical histories of which were sent to 
the laboratory for consultation. Rapaport 
and associates reviewed a 20 year experience 
with adrenal tumors, including the years 
1930 through 1949. We have reviewed cases 
reported in the available literature includ- 
ing 1950 to 1955, and have summarized 
some features of these cases.! 


CLINICAL FEATURES 


There is, of course, no constant clinical 
syndrome associated with adrenal cortical 
tumors. ‘The symptoms and signs depend on 
the type of cortical hormones elaborated by 
the tumor, as for example, the virilizing 
syndromes are associated with excess pro- 
duction of androgens, and Cushing’s syn- 
drome with the excess production of hydro- 
cortisone-like substances. 

Less commonly, other types of cortical 
hormones may be secreted and produce dis- 
iinctive derangements. Estrogen-secreting 
umors may produce feminization, chiefly 


From the Department of Surgery, Washington University 
chool of Medicine, and Barnes Hospital, St. Louis, Missouri. 

iThe bibliography does not include all of the reports reviewed 
n the interest of conservation of space. The 83 cases reviewed 
ere reported in 49 articles. 


gynecomastia in males or sexual precocity 
in female children. Excess aldosterone pro- 
duction results in hypertension, muscle 
weakness, sodium retention, hypokalemia, 
and alkalosis. We have seen no examples of 
pure estrogen-producing or aldosterone- 
producing tumors. Mixed syndromes, which 
may be attributed to the effects of more than 
one class of hormones, are frequent. In the 
present series, there are cases which are 
chiefly virilizing but which exhibit also some 
features of Cushing’s syndrome, and vice 
versa. These are classed according to the pre- 
dominant clinical effect. We found that ad- 
renal tumors are less apt to produce a “‘pure”’ 
syndrome than the adrenal hyperplasias are. 
There are 3 nonfunctioning carcinomas of 
the adrenal in the present series. One of 
these patients presented with right upper 
quadrant pain, another with a large retro- 
peritoneal mass, and the third with the ap- 
pearance of metastases, illustrating the 3 
chief symptoms by which the nonhormonal 
tumors make themselves known. Huge masses 
may develop and cachexia is common. 
Virilization may occur as sexual precocity 
in a male child (Case 12) or as masculiniza- 
tion of a female, either child (Case 5, Fig. 1) 
or adult (Case 2). Excess androgen produc- 
tion is quite rare in the adult male. Com- 
monly, in the adrenogenital syndrome, there 
is hirsutism of male distribution, acne, deep- 
ening of the voice, hypertrophy of the cli- 
toris, and amenorrhea in the adult female. 
Muscle development may be prominent 
(infant Hercules). Rise in blood pressure 
and mental aberrations do not usually occur. 
In our cases virilization occurred as the 
sole or predominant pattern in 6 cases. One 
of these cases was in a male, and 5 were in 
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Fic. 1. Pubic hair of a 1% year old girl with a benign 
adrenal tumor. 


females. As seen in Table I, about 83 per 
cent of cases of virilization due to adrenal 
tumor occur in females. Half occur before 
the age of 12 and half later in life. 

The chief symptoms and findings in 
Cushing’s syndrome are central obesity with 
acral wasting, mental changes chiefly pro- 
found depression, florid round face, bruis- 
ing, purplish striae, hypertension, amenor- 
rhea, susceptibility to infections, poor healing 
of wounds, and back pain, occasionally with 
collapse of vertebrae. Facial and body hair 
may appear but scalp hair is coarse and 
thinned-out. In our cases, the pure syndrome 
occurred 4 times. The 3-other cases classed 
as Cushing’s exhibited some androgenic 
features. ‘Table I shows that 80 per cent of 
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the adrenal tumors producing Cushing’s 
syndrome occur in women, which is similar 
to the sex distribution of the androgenic 
tumors. However, a larger percentage (76 
per cent) of the cases of Cushing’s syn- 
drome occur in persons over 12 years of age. 


RADIOGRAPHY 


Since the signs and symptoms of hyper- 
corticism due to tumor may differ in nowise 
from those due to adrenal cortical hyper- 
plasia, the diagnosis of tumor is usually made 
at operation or by x-ray study. In only 3 of 
our cases of functioning tumor was the tumor 
palpable. Plain films of the abdomen and 
intravenous pyelography may give evidence 
of tumor, as they did in 10 out of 13 of our 
cases. Presacral oxygen insufflation may 
give better detail, but in no case in our ex- 
perience did it outline a tumor which had 
not been seen in the plain films. On several 
other occasions, tumor was diagnosed by 
oxygen insufflation, but no tumor was pres- 
ent at operation. We do not employ presac- 
ral insufflation as a routine part of the study 
of patients with hypercorticism. Calcifica- 
tion may occur and usually indicates that 
the tumor is malignant (Fig. 2). Pyelography 
may demonstrate that the kidney on the in- 
volved side is depressed and the upper pole 
tilted anteriorly and laterally (Fig. 3a and b). 

In children, virilization may result in 
advanced bone age (Case 14), whereas 


TABLE I.—CLINICAL DATA 


Females 
No. Vo Per cent 
Collected cases 
(Rapaport et al.) 
1930-1949. . : 117 97 83.0 
Collected cases 
1950-1955 48 22 68.7 
Authors’ cases 7 4 80.0 
Totals:...... 172 123 80.0 
Collected cases 
(Rapaport et al.) 
1930-1949...... 72 63 87.5 
Collected cases 
1950-1955....... 35 26 74.3 
Authors’ cases... . . : 6 5 83.0 
SS IRE Se ee 113 94 83.2 


Operative mortality__ 





<12 yrs. > 12 yrs. No. Per cent 
__CUSHING’S SYNDROME... : eee ee 
26 90 40/71 56.3 
8 24 7/34 20.6 
4 3 4/7 57.1 
38 117 51/112 45.5 
(24%) (76%) 
_ADRENOGENITAL SYNDROME oss ae ee 
40 32 15/52 29.0 
16 19 2/35 57 
2 4 0/6 0.0 
58 55 17/93 18.3 
(51%) (49%) 
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Cushing’s syndrome may be associated with 
reiarded bone age (Case 15). 
LABORATORY 

Characteristically, the virilizing syn- 
dromes do not exhibit abnormalities in the 
blood counts, carbohydrate metabolism, or 
plasma electrolytes. The diagnosis is con- 
firmed by finding increased amounts of 17- 
ketosteroids in the urine, which may occur 
in virilizing syndromes due to either tumor 
or hyperplasia of the adrenal cortex, al- 
though the amount excreted is generally 
higher in the tumor cases. Allen’s test for 
dehydroisoandrosterone may be useful in 
differentiating tumor from hyperplasia, since 
those patients excreting very large amounts 
of dehydroisoandrosterone were all found to 
have tumors. 

In Cushing’s syndrome polycythemia is 
encountered frequently. It was present in all 
of our cases of Cushing’s and mixed syn- 
drome. There may be a leucocytosis with a 
lymphopenia and a decrease in circulating 
eosinophiles. ‘The glucose tolerance curve 
often is diabetic in type with increased in- 
sulin resistance. There is increased capillary 
fragility. Osteoporosis is very frequent. 
Hypokalemic hypochloremic alkalosis has 
been observed in Cushing’s syndrome, but 
none of our patients exhibited abnormalities 
in the plasma electrolyte concentrations. 
Sodium retention may occur, however, and 
be associated with an expanded extracellu- 
lar fluid volume rather than elevated plasma 
sodium levels. The patient in Case 3 showed 
a large diuresis of sodium in the first few 
days after removal of the tumor. On the 
third postoperative day, while receiving 
0.16 mol of sodium intravenously (no oral 
intake), she excreted 0.40 mol of sodium in 
the urine. Ordinarily, after a nonendocrine 
operation of this magnitude, one would ex- 
pect a positive sodium balance. 

The urinary excretion of both 17-keto- 
steroid and 17-hydroxycorticosteroid are apt 
to be higher in Cushing’s syndrome due to 
malignant tumor than in Cushing’s syn- 
rome with adrenal hyperplasia. The ex- 
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Fic. 2. 


Calcification in a left adrenal carcinoma. The 
calcified tumors are usually malignant. 


tremely high values are found chiefly asso- 
ciated with adrenal carcinomas. 

The administration of cortisone will sup- 
press urinary excretion of 17-ketosteroids in 
cases of Cushing’s syndrome or virilization 
due to adrenal hyperplasia but does not 
usually affect urinary excretion of 17-keto- 
steroids in cases due to tumor. This was true 
in the only one of our cases so studied (Case 
3). Before giving cortisone, the daily 17- 
ketosteroid excretion ranged from 33.9 to 
37.3 milligrams and immediately afterward 
ranged from 49.7 to 55.5 milligrams. ACTH 
given to this patient resulted in a slight ele- 
vation in 17-ketosteroid excretion, from 59 
to 61 milligrams to 68 to 74 milligrams per 
day. 

Laboratory results in our cases are shown 
in Table II. In the 6 cases in which both 17- 
ketosteroid and 17-hydroxycorticosteroid 
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} 
4 
i} determinations were done, 5 of them, regard- 
1) less of predominant clinical syndrome had 
|) increased excretion of both 17-ketosteroids 
© and 17-hydroxycorticosteroids. In 1case with 
|) Cushing’s syndrome the 17-ketosteroid value 
was normal. Of interest is Case 12, that of a 12 
9 year old boy presenting with precocious pu- 
}berty. The only Cushing’s features were 
weight gain and fullness of face. The 24 hour 
| urinary 17-ketosteroid value in this case was 
93.9 milligrams and the 17-hydroxycorti- 
§ costeroid value was 44.1 milligrams. Since 
| hormones in the 17-hydroxycorticosteroid 
} group are not metabolites of androgens, it is 
9 possible that Cushing’s features had not yet 
9 become fully developed from a polyhumoral 
k ior. On the other hand, Case 16 was of a 
A pa ient with Cushing’s syndrome who ex- 
phi ited no androgenic features though uri- 


Fic. 3. a and b, Pyelograms showing displacement of right kidney due to adrenal carcinoma. 
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b 


nary 17-ketosteroid excretion was 73 milli- 
grams per day. The 17-hydroxycorticos- 
teroid excretion was 108 milligrams per day. 
Most of the urinary 17-ketosteroid could 
have been metabolite. Chromatography of 
extracts of this tumor revealed large amounts 
of compounds S and F. 


PATHOLOGIC EXAMINATION 


Among the problems in the pathologic 
evaluation of adrenal cortical tumors are the 
difficulty in distinguishing benign neoplasms 
from apparently nonneoplastic nodular le- 
sions and the difficulty in some cases of distin- 
guishing a benign from a malignant tumor. 

About one-third of persons coming to 
autopsy have nodular lesions of some sort 
arising in the adrenal cortex. The most fre- 
quent variety exhibits small or minute non- 
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I'ic. 4. Benign adrenal tumor, showing encapsulation 
and homogeneous surface. 


encapsulated nodules which may be multi- 
ple. The intervening cortex is normal. These 
nodular adrenals do not present clinical prob- 
lems and are not known to be associated 
with abnormal function. Occasionally the 
hyperplastic adrenal cortex in the “pituitary 
type’ of Cushing’s syndrome will exhibit 
gross nodularity. These nodules are seldom 
larger than 1 or 2 centimeters, while the 
true adenomas are generally much larger. 

The benign true neoplasms in our series 
were differentiated from the previously des- 
cribed cortical nodules by the presence of 
complete encapsulation (Fig. 4), derange- 
ment of architectural pattern, and larger 
size. In addition, the cells in the tumors, 
while most frequently identifiable as of ad- 
renal cortical origin, differed in form, size, 
and staining quality from the cells in adja- 
cent uninvolved adrenal cortical tissue. 











The differentiation between benign ard 
malignant neoplasm can be made with fac)l- 
ity in most cases. However, a few present 
problems. For instance, large bizarre nuclei 
(Fig. 5), which in tumors in other sites might 
suggest malignancy, are found in well en- 
capsulated tumors and are not incompatible 
with long survival following removal (Cases 
1 and 5). If other unfavorable pathologic 
stigmas are absent, the tumors containing 
giant bizarre nuclei may be associated with 
a benign course. On the other hand, tumors 
with fairly regular nuclei, but with capsular 
invasion (Fig. 6) or invasion of veins (Fig. 7) f 
are most often associated with a malignant [ 
course. We consider certain criteria of ma- 
lignancy to be frequent mitoses, venous in- 
vasion, and capsular invasion. Accessory 
findings which may be helpful in differenti- | 
ating benign and malignant tumors are | 
necrosis, hemorrhage, calcification, pleo- | 
morphism, and nuclear atypia, which all }7 
occur more commonly in the carcinomas. | 
Some pathologic characteristics of tumors } 
in our cases are shown in Table II. : 

At autopsy, 3 patients had large tumor!) 
thrombi in the vena cava, 1 of which had ~ 
produced sudden death by massive emboli- — 
zation of tumor to the right side of the heart b 
and pulmonary artery. Metastases have oc- {| 
curred in this series predominantly in re-|) © 
gional lymph nodes, lungs, and liver. Fi 

On 8 occasions histologic examination | ' 
was made of uninvolved adrenal cortical 7 
tissue, either of a fragment attached to the | 
tumor or of the contralateral adrenal at au- © 
topsy. The 2 examples from persons with | “nl 
nonfunctioning carcinomas were both of) ,¢ 1, 
normal thickness and architecture. The 7 foll 
contralateral adrenal of a 2 year old girl] 1 
with a virilizing carcinoma weighed 4.5 |) 4!" 
grams and histologically did not appear | i 
atrophied. In 5 other instances, the unin- 9, ), 
volved adrenal cortical tissue was atrophied. © 
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Four of these were from patients with Cushi- 9 pat! 
ing’s syndrome, and 1 was from a patient 9°)" 
with a mixed syndrome which was chiefiy ) 

androgenic. The following case illustrates) | 
some of the consequences of this atrophy. |) P0 ' 
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4 
F Case 13. A7 month old female infant entered the 
t hospital because of a mass in the abdomen of 1 month’s 
}) duration. Although the child was noted to be obese, 
hypercorticism was not suspected. The preoperative 
diagnosis was Wilms’ tumor. No preoperative steroid 
)» the |) therapy was administered. At operation, a large tumor 
t au- || involving the left adrenal and superior portion of the 
with | left kidney was removed en bloc with the kidney. 
}) Removal was thought to be grossly complete. In spite 
h ; of 4 of blood transfusions, the child died in shock 3 hours 
The § folk wing operation. 
| girl} ‘The pertinent findings at autopsy were: marked 
| 4.5 |} atrophy of the contralateral adrenal cortex which was 
_y | reduced to about one-fourth of normal size (Fig. 8), 
PEAT inetastases to a left upper abdominal lymph node and 
; ses pper abdominal lymph node an 
— } to lung, and hyalinized basophiles (Crooke’s cells) in 
hied. | the idenohypophysis (Fig. 9). The Crooke’s cells are 
‘ushi- @ pat):ognomonic of hypercorticism (3) even though the 


ation | 
‘tical | 








itient SY" ‘rome had not been recognized clinically. 

hiefiy | 

trates}) !3y microscopic examination, it is not 
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hy. |) Po sible with present techniques to charac- 
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Fic. 5, Giant and bizarre nuclei in an adrenal cortical tumor. This finding does not necessarily in- 
dicate that the tumor is malignant. 
Fic. 6. Invasion of capsule by adrenal carcinoma, with extension into fat. This does not occur in 
benign tumors. 
Fic. 7. Adherent tumor thrombus in a vein, evidence that the tumor is malignant. 


terize the functional capacity of adrenal 
tumors. The nonfunctioning, the virilizing, 
and the Cushing’s syndrome-producing tu- 
mors appear not dissimilar. The only sug- 
gestion of such a difference in our cases was 
that in the tumors from cases of Cushing’s 
syndrome, the cells tended to be arranged 
in cords and clumps faintly reminiscent of 
zona fasciculata and glomerulosa (Fig. 10) 
more frequently than in the virilizing tumors. 


OPERATION AND OPERATIVE RESULTS 


Most of the tumors in this series were ex- 
plored by transabdominal and flank incisions. 
We now prefer the thoracoabdominal ap- 
proach in cases in which the tumor has been 
lateralized prior to operation, since it offers 
better exposure and consequently better 
prospects of removing the tumor intact and 
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Fic. 9 


removing en bloc any adjacent tissue (dia- 
phragm, tail of pancreas, kidney) that might 
be invaded. In cases of hypercorticism with- 
out clinical diagnosis of tumor, bilateral 
flank exploration is preferred. 

The availability of commercial steroid 
hormones for substitution has greatly im- 
proved operative results. In Table I, it is 
seen that in the 1930 to 1949 series collected 
by Rapaport and associates, the mortality 
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Fic. 8. Above, Normal adrenal from a 5 month old 
girl. Below, Markedly atrophic adrenal which was conf) 
tralateral to a functioning carcinoma in a 7 month oli) 
girl (Case 13), same magnification. d 

Fic. 9. Hyalinized pituitary basophiles (Crooke’s cells} 
from Case 13. These are pathognomonic of hypercorti: 
cism. In the drawing, H identifies the concentrically 
located hyaline material in the 2 basophiles. 

Fic. 10. Pattern reminiscent of zona fasciculata in ‘ 
benign tumor associated with a mixed syndrome (Case 3) f 
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rate following removal of cortical tumors inf) dimi 
Cushing’s syndrome was exorbitantly higit In 2) 
(56.3 per cent) when substitution therapyy | Cus! 
was lacking or inadequate. Although the) andi 
1950 to 1955 series includes some cases dont), nece 
in prior years when cortisone was not avail-} rem< 
able, most of the reduction in mortality (to) adre 
20.6 per cent) is attributed to better replace] Occz 
ment therapy. For details regarding substi-) Cush 
tution therapy see Thorn’s monograph. postc 

Death following operation in Cushing’§ to ac 
syndrome may occur immediately in a shock patie 
like state. Our 4 operative deaths occurre¢§ diarr 
within 30 hours; 3 were associated with in} weck 
adequate steroid therapy. The fourth patientg reco. 
who had massive hepatic metastases, wai} cor'i: 
believed to have had adequate replacementf J} 
No deaths due to operation occurred in pa renal 
tients with androgenic tumors in our series ger it 

Most often the dosage of postoperative (T ib 
steroid replacement therapy can be gradually the { 
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Fic. 11. a, Case 15, at age 7 months, before the de- 


} velopment of hypercorticism. b, Same child at age 17 
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months, at the height of symptoms. c, At age 27 months, 
all stigmas of hypercorticism have disappeared. 

Fic. 12. Tumor from Case 15. The capsule is thin. On 
cut surface small areas of necrosis are seen. 

Fic. 13. Microscopic appearance of tumor, Case 15, 
showing moderate pleomorphism in a very cellular tumor. 


diminished and generally discontinued with- 
in 2 weeks, particularly in patients with mild 
Cushing’s syndrome and in those with the 
androgenital syndrome. It is not believed 
necessary to employ ACTH to stimulate the 
remaining hypofunctioning contralateral 
adrenal, since spontaneous recovery occurs. 
Occasionally in persons who have had severe 
Cushing’s syndrome one sees a prolonged 
postoperative illness which Cope attributes 
to acute nutritional deficiency. One of our 
patients (Case 15) exhibited stupor, fever, 
diarrhea, and vomiting beginning about 1 
weck after cortisone was discontinued. He 
recovered after reinstituting small doses of 
cor‘isone for 2 weeks. 

he mortality rate following excision of ad- 
renal tumors is much lower in the adreno- 
ger. ital syndrome than in Cushing’s syndrome 
(Tble I). This is probably associated with 
the fact that atrophy of the contralateral 
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Fic. 13. 


adrenal occurs less commonly (29 per cent 
in the adrenogenital syndrome and 73 per 
cent in Cushing’s syndrome), and conse- 
quently the need for replacement therapy is 
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less and the results of inadequate therapy 
may not be so disastrous. 

The long term results following removal 
of benign tumors are good, with practically 
uniform reversion to normal physical status 
in those cases reported. Five of our 6 patients 
with benign tumors are well at 1, 3, 5, 7, and 
9 years, and 1 died following operation. One 
of the patients has residual hypertension of 
moderate degree, but other physical and 
chemical evidences of her hypercorticism 
have regressed. ‘The reported results follow- 
ing removal of malignant adrenal tumor are 
dismal, although occasional long term sur- 
vival in good health has been recorded. 
These survivors are all patients whose tu- 
mors were localized and fairly well encapsu- 
lated, but in whom histologic diagnosis of 
malignant tumor was made. Of our 10 pa- 
tients with malignant tumor, 9 were operated 
on, 3 died postoperatively, and 5 have died 
of metastatic disease from 3 months to 3 
years after operation. Only 1 is alive and 
well, with a 10 months’ follow-up. Because 
of the rarity of successful results in Cushing’s 
syndrome due to adrenal carcinoma, this 
case is reported in detail. 


Case 15. A 17 month old white boy entered on 
January 17, 1956, with obesity and hirsutism which 
had been developing for 5 months prior to admission. 
The boy had sat at table, eating adult portions of 
adult food. Initially, because of his appetite, obesity, 
and ruddy complexion he had been considered to be 
unusually healthy and advanced by his parents, until 
the obesity and ruddiness reached grotesque propor- 
tions (Fig. 11a and b). 

On admission he weighed 47 pounds. The face, ex- 
tremities, and trunk were markedly obese. Scalp hair 
was dark and kinky. Fine black hair was present 
generally over the body, but particularly on the fore- 
head, jowls, back, and pudendal area. There was acne 
of the face and trunk and purplish striae of the thighs. 
Blood pressure was 150/90. The red cell count was 
5.37 million, with 12.8 grams per cent hemoglobin. 
The white cell count was 29,100, with 1 basophilic, 
4 stab, 57 segmented, 28 lymphoid, and 10 mono- 
nuclear cells. Fasting blood sugar was 105 milligrams 
per cent. Plasma electrolytes showed: sodium 136.9, 
potassium 3.5, chloride 104, carbon dioxide 27.0 
milliequivalents per liter. Urinary 17-ketosteroid ex- 
cretion was 3.7 milligrams per 24 hours (normal for 
infants is less than 1 mgm.), and urinary 17-hydroxy- 
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corticosteroid excretion was 10.2 milligrams pe. 24 
hours (normal for infants probably less than 1.5 mgin.), 
Roentgen examination showed a bone age oi! 12 
months. Plain films of the abdomen showed a sp! eri- 
cal left suprarenal tumor. Preoperatively, cortisone 
acetate was begun 3 days prior to operation. Through 
a left thoracoabdominal incision, a discrete tumor 8 
centimeters in diameter was removed intact on Fe}ru- 
ary 3, 1956. At operation there was no adherence to 
adjacent viscera. 

On the day of operation he received 100 milligrams 
of cortisone acetate intramuscularly and 150 milli- 
grams of hydrocortisone intravenously. Cortisone 
dosage was gradually diminished and was discon- 
tinued on the twelfth postoperative day, and he was 
discharged. 

The tumor weighed 140 grams. There was no gross 
vein or capsular invasion. On cut surface, it was yel- 
low and homogeneous (Fig. 12). Microscopically, it 
was composed of relatively small cells with scanty 
cytoplasm and little intervening stroma (Fig. 13). The 
nuclei showed moderate variation in size, but there 
were no giant nuclei. Small areas of necrosis with fine 
calcification were present. Mitoses were present but 
infrequent. No microscopic evidences of vessel in- 
vasion were seen but tumor had penetrated the thin 
capsule at several sites. Because of the capsular in- 
vasion and mitoses, it is believed that this was a maiig- 
nant tumor. 

He was readmitted on March 19, 1956, because of 
stupor, fever, and diarrhea. He seemed to be having a 
great deal of pain in his back. He was dehydrated and 
acidotic (Na 147.1, K 3.4, CO, 23.4, Cl 93 mEq./I., 
urine pH 4.5, acetone +). Cortisone was reinstituted 
and symptoms gradually subsided. Cortisone was 
again discontinued on April 25, 1956. 

He was last seen October 17, at which time he 
weighed 28% pounds and appeared to be normal in 
all respects (Fig. 11c). Blood pressure was 90/60. 
Scalp hair, previously kinky and black, is now straighi 
and brown. Body hair has disappeared. Urine 17- 
ketosteroid was 1.04 milligrams and 17-hydroxycorti- 
costeroid was 1.4 milligrams per day. 


SUMMARY AND CONCLUSIONS 


1. Clinical and pathologic features of 16 
cases of adrenal tumor are reported. 

2. The clinical effects of hormonally active 
tumors may simulate those resulting from 
bilateral adrenal cortical hyperplasia and 
are attributable to one or more of the specitic 
steroid hormones of the adrenal cortex. 

3. Atrophy of the remaining normal ad- 
renal cortex is found frequently in Cushing’s 
syndrome due to adrenal tumor. This 1e- 
sults in postoperative adrenal cortical insuf- 
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ficiency with a high operative mortality rate 
upon the removal of the tumor unless ade- 
quate preoperative and postoperative sub- 
stitution therapy has been instituted. 

4. Malignant tumors (10 in our series) 
have histologic criteria which tend to dif- 
ferentiate them from the benign (6 in our 
series). Malignancy usually is associated 
with pleomorphism, giant and bizarre nu- 
clei, frequent and sometimes atypical mi- 
toses, hemorrhage, necrosis, and calcifica- 
tion. Absolute criteria of malignancy are 
invasion of veins, invasion into and through 
the capsule, and distant metastases. 

5. The long term follow-up results in cases 
of benign tumor are good. The 5 patients 
who survived removal of benign tumor are 
all well, from 1 to 9 years following operation. 
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With malignant tumor the results are very 
poor, only 1 of 10 patients in our series 
having a prospect of cure (10 months 
follow-up). 
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BLOOD VOLUME FLUCTUATIONS DETERMINED BY 


RADIOISOTOPES OF CHROMIUM AND 
RADIOACTIVE IODINATED SERUM ALBUMIN 


J. RICHARD THISTLETHWAITE, M.D., WILLIAM A. SPENCER, M.D., and 
SALOMON N. ALBERT, M.D., Washington, District of Columbia 


‘THE CIRCULATING BLOOD VOLUME is a dy- 
namic quantity. It is capable of undergoing 
rapid changes. It was the purpose of this 
study to investigate some of the factors re- 
sponsible for fluctuations in the blood vol- 
ume and determine how they are reflected 
in the isotope dilution technique. It was be- 
lieved that if changes in blood volume could 
be measured reliably by the isotope tech- 
nique then the determinations of serial blood 
volumes would prove to be of value in several 
clinical conditions. 


METHODS 


Three to 4 microcuries of radioactive io- 
dinated serum albumin (RIsA) diluted in 
20 cubic centimeters of saline and a 20 cubic 
centimeter suspension of group O, Rh nega- 
tive red cells tagged with radioactive chro- 
mium (Cr*!) containing 20 microcuries 
were injected either individually or simul- 
taneously into a peripheral vein. ‘len cubic 
centimeters of blood specimens were with- 
drawn through an indwelling catheter in the 
femoral vein into heparinized syringes at 
desired intervals. Repeated doses of the iso- 
topes could be injected through the indwell- 
ing catheter, thus allowing the determina- 
tion of the blood volume on the basis of the 
new dose administered. ‘This new volume 
could then be compared to the volume de- 
termined by the preceding dose of isotope. 

When single isotopes were used the speci- 
mens were counted as whole blood, and the 
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blood volume calculated according to the fF 


following formula: 


Counts ofstandard X c.c. administered 
Counts of specimen — background 





Blood volume = 


When both isotopes were used together 
the whole blood was counted, then centri- 
fuged, the plasma counted, and the hemato- 
crit determined in duplicate by a micro- 
hematocrit technique. The following calcu- 
lations were made: 

Counts of rIsA standard X c.c. 
administered 


RISA count in plasma—back- 
ground 





1. Plasma volume = 


2. RISA count in whole blood =(1.0—hematocrit) 
X plasma RIsA count 
RISA plasma volume 


volume = —— : 
1.0 —hematocrit 





3. RISA blood 


Counts of Cr®! standard 
X c.c. administered 
151 a = 
4. Cr blood volume Total count in whole blood 
—RISA count in whole blood 





RESULTS 

Fluctuations in blood volume in normal subjects. 
The blood volume measured with a single 
injection of Cr*! remained fairly constant 
for a 24 hour period. Repeated injections 


of Cr*! confirmed the results. Increases of 
as much as 500 cubic centimeters were noted | 


following meals or ingestion of large quan- 
tities of fluids. In approximately 3 to 4 hours, 
the blood volume returned to its original 
level. Volumes taken at night were some- 
what higher, probably because of relative 


hypotension and decreased renal filtration. | 


The blood volumes measured with RISA 


failed to show the stability of those measured f 


with Cr®!, As a rule, the volumes tended 
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to become progressively larger with each 
measurement, probably representing a 
“leak” of isotope. In addition, the volumes 
were not appreciably affected by ingestion 
of food and liquids. 

The effect of intravenous fluids on the blood 
volume. Several patients were given infusions 
of either physiologic saline solution or 5 per 
cent glucose in distilled water. It was found 
that with infusions of as little as 500 cubic 
centimeters an increase in the blood volume 
could be detected. ‘This increase was transi- 
tory, and in 24 to 3 hours the blood volume 
would return to its original level. Even with 
rapid infusions of saline solution the blood 
volume seldom increased in accordance with 
the amount infused. On the other hand, 
with rapid infusions of glucose, the blood 
volume often temporarily increased in an 
amount greater than that given the patient. 
This apparently was a reflection of the os- 
motic effect of the glucose. With either type 
of infusion, there was a temporary fall in the 
hematocrit corresponding to the temporary 
increase in the blood volume. These changes 
were more clearly demonstrated with Cr*! 
than with risa (Fig. 1). 

The effects of hypotension on the blood volume. 
Blood volume determinations taken before 
and after premedication with morphine, be- 
fore and after induction of anesthesia with 
pentothal, and before and after reducing the 
blood pressure with arfonad® demonstrated 
an increase in the Cr*! volumes if the pres- 
sure had been significantly lowered. ‘There 
was an associated fall in the hematocrit. In 
all instances there was good correlation be- 
tween hypotension and increases in the Cr*! 
blood volume. When hypertension was in- 
duced with neosynephrine the blood volume 
decreased and the hematocrit increased. 

The blood volume as measured with RISA 
demonstrated minimal fluctuations with hy- 
potension induced by any of these methods. 
An interesting observation was noted: When 
both isotopes were used together, the RISA 
volumes tended to be 10 to 40 per cent greater 
than the Cr*®! volumes. When hypotension 
was induced, the Cr®! volumes increased 
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Fic. 1. Blood volume determinations with Cr® tagged 
red blood cells. Effect upon blood volume and hemato- 
crit by the intravenous administration of 500 cubic centi- 
meters of physiologic saline solution and 500 cubic centi- 
meters of 5 per cent dextrose in distilled water, rapidly 
over 30 minutes. 


and tended to equal the risA volumes. The 
patients with the largest differences in the 
Cr** and risa volumes developed hypo- 
tension with premedication and induction 
of anesthesia. Usually these changes were 
encountered in patients afflicted with chron- 
ic debilitating diseases (Figs. 2 and 3). 

The effect of bleeding of 25 per cent of the blood 
volume. Serial blood volume determinations 
with Cr*! were made in several cases during 
and following rapid bleeding of approxi- 
mately 25 per cent of the blood volume. 

In some cases this amount of blood loss 
did not alter the blood volume when 1 in- 
jection of isotope had been used. There was 
also no change noted in the hematocrit. 
These findings are accounted for by the fact 
that the blood removed from the patient 
contained the same distribution of isotope 
as the blood remaining in the patient. If 
another dose of isotope was given after bleed- 
ing and a new blood volume determined, 
it would accurately measure the decrease in 
the blood volume due to the blood removed. 
When these cases were followed with deter- 
minations for 48 hours, a gradual hemo- 
dilution was noted by an increasing blood 
volume and a falling hematocrit. 

In a few cases, a different pattern was 
encountered. The blood volume taken im- 
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Fic. 3. 

Fic. 2. Blood volume determinations with Cr®! tagged 
red blood cells. Note the increase in the blood volume 
and the fall in the hematocrit when the blood pressure 
was lowered with arfonad. The reverse is true when the 
blood pressure is elevated with neosynephrine. 

Fic. 3. Blood volume determinations with Cr® red 
blood cells and risa. Note the increase in blood volume 
as measured by Cr*! and the fall in hematocrit when 
the blood pressure fell with pentothal induction. With 
neosynephrine the reverse occurred. These changes in 
blood volume are not detected when measured with RISA. 


mediately after the bleeding demonstrated 
a decrease in the count, indicating a more 
prompt hemodilution. There was also a fall 
in the hematocrit. When another dose of 
isotope was given after bleeding, the newly 
determined blood volume would not be de- 
creased proportionately to the amount of 
blood removed. It was found to be reduced 
about two-thirds of the total amount taken 
from the patient, thus again indicating that 
some hemodilution had taken place. 
Seldom with this amount of bleeding was 
there any significant change in the blood 


pressure, the patients being kept flat in bed 
during the tests. When the pattern indicating 
a rapid hemodilution was encountered, there 
was usually a slight hypotension. These pa- 
tients became restless and often did not lie 
calmly during the studies. Perhaps the hypo- 
tension was responsible for the appearance 
of the prompt hemodilution. 

When vasodilators were administered fol- 
lowing the bleeding, a marked hypotension 
occurred and the blood volume rapidly in- 
creased with a corresponding fall in the he- 
matocrit. This effect could be reverted with 
vasopressors, with a decrease in the blood 
volume and a rise in the hematocrit (Fig. 4). 

Serial studies of blood volume during the opera- 
tive and postoperative period. Many cases were 
studied with both isotopes during the opera- 
tive and postoperative period in an attempt 
to evaluate the accuracy of blood volume 
determinations during the operative trauma. 

The data obtained when RIsA was used 
could not be considered reliable. ‘There was 
a tendency for progressive increases in the 
RISA blood volumes. These increases oc- 
curred more rapidly than those seen when 
serial determinations were done in normal 
patients. The operative trauma with associat- 
ed leakage of the tagged albumin probably 
accounts for these rapid increases in the 
RISA volumes during surgery. 

Serial volumes taken with multiple doses 
of Cr°! during the operative and postopera- 
tive period can usually be properly inter- 
preted. As indicated before, blood volume 
determinations with this isotope increase 
when the blood pressure falls so that with pre- 
medication and induction of anesthesia, there 
may be an increase in the volume. Blood 
loss during surgery can be measured by the 
multiple dose technique. It is essential for 
the blood pressure to be stable. The patient 
must not be actively bleeding at the time 
or the isotope will be lost before distribution 
occurs. Fifteen minutes must be allowed from 
the time of administration of the isotope 
until a sample is withdrawn for counting. 
When these factors are considered, blood 
volume determinations, hematocrit, and red 
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Fic. 4. 


cell mass determinations follow a reliable 
pattern during surgery and during the post- 
operative period. 


DISCUSSION 


Cr®! tagged red cells and I’! tagged serum 
albumin measure two different spaces in the 
body. Figure 5 is a diagrammatic repre- 
sentation of these spaces. Cr®! measures the 
central circulating blood volume. This space 
has a higher hematocrit than the peripheral 
or capillary blood volume. With hypotension 
and vasodilatation there is a further dilution 
of the Cr®! tagged cells, for they become 
partially distributed in the peripheral blood 
volume. The increases found in the Cr*! 
blood volume with hypotension are probably 
acombination of this effect with some actual 
hemodilution of the central circulating blood 
volume. This technique does not allow in- 
terpretation of which factor is paramount 
in producing increases of the blood volume 
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Fic. 4. Each blood volume determination indicated 
on the graph was performed by administering an addi- 
tional dose of Cr®!, After bleeding 750 cubic centimeters, 
the blood volume decreased only 500 cubic centimeters. 
There was also a slight fall in the hematocrit. This in- 
dicated a prompt 250 cubic centimeter hemodilution. 
When the blood volume was reduced by hemorrhage, 
hypotension produced by administering arfonad caused 
a notable increase in the blood volume. Neosynephrine 
produced the opposite effect. In 48 hours hemodilution 
occurred so that the blood volume was actually higher 
than originally, while the hematocrit was decreased. 

Fic. 5. Diagrammatic representation of the spaces 
lmeasured by red blood cells tagged with Cr® and risa. 


when vasodilatation occurs. Since these 
changes take place so rapidly and are easily 
reversed by vasoconstrictors, the dilution of 
the tagged cells by entering the peripheral 
volume is more likely the accountable factor. 

RISA on the other hand measures a space 
10 to 40 per cent larger than the Cr*! tagged 
red cells. This fact is represented in Figure 
5 as measuring the central circulating blood 
volume and a portion of the peripheral vol- 
ume. Changes in the arteriolar tone have 
little effect on the RIsA volumes. RISA, 
however, apparently leaks into the albumin 
pool, and portions of it are no longer avail- 
able to the circulation. This accounts for 
progressive increases in RISA volumes if 
taken over a period of hours. risa, there- 
fore, has no value for serial determinations. 
It is satisfactory only for single determina- 
tions which are taken soon after it is admin- 
istered, before it begins to enter the albumin 
pool. 
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It was interesting to note that vasodila- 
tors increased the Cr*! blood volumes when 
administered following blood loss. This ac- 
tion again may represent hemodilution, but 
may well be only an escape of the Cr™ 
tagged cells into the peripheral circulating 
volume. From these studies it is difficult to 
evaluate if vasodilators have a true protec- 
tive effect in blood loss by allowing more 
effective hemodilution. 


SUMMARY 


Studies of serial determinations of blood 
volume with Cr*! tagged red cells and RISA 
indicated that Cr®! is the more reliable me- 


dium. RISA is satisfactory only for single 
determinations, but has little value when 
repeated blood volume determinations are 
desired. 

The blood volume when determined with 
Cr*! increases with hypotension irrespective 
of the cause of vasodilatation. This may he 
due to either hemodilution or an increased 
distribution of Cr®*! tagged red cells. Various 
degrees of both are most likely responsible. 

Blood loss of 25 per cent of the blood 
volume is usually followed by a gradual hemo- 
dilution. If hypotension occurs with this de- 
gree of blood loss, hemodilution apparently 
takes place rapidly. 
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}ACUTE HEPATIC ISCHEMIA IN ACTH ‘TREATED DOGS 


| JAMES R. HINES, M.D., and MARIO RONCORONI, M.D., Chicago, Illinois 


STUDIES ON LIVER ISCHEMIA are continuing 
to command attention in the development 
of more efficient approaches to liver tumors, 
in the surgery of trauma, and in attempts 
to understand the role the liver plays in 
shock. 

It has been reported that dogs subjected 
to occlusion of the afferent blood supply of 
the liver for an hour die in shock when the 
vessels are released. Efforts have been made 
to attempt to increase the liver’s tolerance 
to ischemia. In earlier experiments on liver 
ischemia, we had indications (14), as did 
Raffucci (25, 26) that AcrH was of value 
in prolonging the survival time. The cur- 
rent study was planned to investigate this 
problem further and to study certain bio- 
chemical changes. The period of ischemia 
was arbitrarily chosen at 1 hour. 

Bernhard and associates have shown that 
hypothermia during hepatic ischemia is of 
great value, in that 25 out of 27 dogs sur- 
vived a 1 hour period of ischemia. Increasing 
the blood supply to the liver after the is- 
chemia by means of a reverse Eck fistula, 
and the use of antihistaminics both failed 
to increase survival in a prior study (14). 


METHODS 


Twenty-eight healthy, adult mongrel dogs, 
weighing 15.5 to 27 kilograms were used in 
this experiment, 13 being used as a control 
group and 15 were treated with actu. All 
the dogs were in the laboratory for at least 
10 days prior to testing and were kept on a 
diet of bread, milk, Karo syrup, yeast, and 
horse meat. Preoperative medication con- 
sisted of 600,000 units of penicillin 4 hours 
before surgery, and morphine and atropine 
| hour before the procedure. The anesthetic 
was open drop ether. Sterile operative tech- 
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nique was observed. The abdomen was 
opened through a midline incision and the 
hepatic, gastroduodenal, and hepatic arter- 
ies proper were isolated and a ligature of 
heavy silk placed around them. A portacaval 
shunt was done according to Freeman’s 
technique. The acute hepatic ischemia was 
then produced by ligating the portal vein 
close to the liver and immediately tying 
the loops around the arteries. One hour 
later the vessels were released by cutting 
the knots, and, in all cases, the vessels re- 
gained their patency. During surgery, 700 
cubic centimeters of 10 per cent glucose in 
water were infused intravenously. Those in 
which blood sugar and plasma pentose were 
studied were infused with normal saline. 

The following determinations were done 
in duplicate on the peripheral blood in a 
number of the dogs: hematocrit, plasma 
inorganic phosphorus, total acid soluble 
phosphorus, alkaline phosphatase, nonpro- 
tein nitrogen, amino acid nitrogen, plasma 
pentose, blood sugar, and blood ammonia 
nitrogen. These determinations were run 
according to the following schedule: im- 
mediately prior to surgery, just before li- 
gating the vessels, just before the release of 
the vessels, then at intervals of 15 minutes, 
1 hour, 2 hours, and 4 hours after the ves- 
sels were released. 

Whole blood was replaced in the same 
quantities as it was withdrawn. In all the 
dogs, rose bengal dye clearance was studied 
2 days before surgery and in the survivors 
weekly, until the values returned to normal. 

Penicillin, in the dose of 600,000 units 
daily, was given postoperatively during the 
first 4 or 5 days. Postmortem examinations 
were done on all the dogs. Survivors were 
sacrificed about 3 months after surgery. 

The ActTH treated dogs received the hor- 
mone as follows: 50 milligrams intramus- 
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cularly given 24 and 4 hours prior to sur- 
gery, 100 milligrams during surgery in the 
intravenous infusion, 50 milligrams intra- 
muscularly 4 hours after surgery, and 25 
milligrams intramuscularly 12 and 24 hours 
after surgery. 


EXPERIMENTAL RESULTS 


Of the 13 dogs in the control group sub- 
mitted to 1 hour of liver ischemia, 12 died 
in a shock-like state in less than 12 hours; 
the other survived indefinitely and was ap- 
parently in good health as far as the appetite 
and weight were concerned. Blood studies 
in this lone survivor (rose bengal, alkaline 
phosphatase, and nonprotein nitrogen) re- 
turned to preoperative values within a 
month, 

Of the 15 dogs in the AcTH treated group, 
5 died in less than 12 hours. Their response 
to the ischemia and the autopsy findings 
were similar to the animals in the control 
group. Four of the 15 dogs survived from 
36 hours to 15 days. Three of these developed 
liver necrosis, with 1 having necrosis of the 
head of the pancreas along with liver necro- 
sis, and the 1 that survived 15 days died of 
pneumonia. Six of the ACTH group survived 
indefinitely, and 5 of them had normal 
livers when sacrificed. Alkaline phosphatase 
determinations were slightly elevated for a 
month and the rose bengal dye clearances 
were low for some time longer. The sixth 
surviving dog had a patent portacaval shunt 
and in spite of a good appetite, he lost 2 
kilograms and had a fatty liver and a slight 
degree of fibrosis—findings which are com- 
monly seen in the Eck fistula dog. The rose 
bengal dye clearance was around 50 in this 
dog, but was improving at the time it was 
sacrificed. The survival times are shown in 
Figure 1. 

The gross appearance of the liver during 
surgery was observed in the two groups. 
When the vessels were ligated, the liver 
usually became pale and contracted to about 
half of its original size. When the vessels 
were released, the liver became engorged 
within in a few minutes. In the control dogs, 


the liver became very dark, whereas in the 
ACTH group, the color was usually a brownish 
red to bright red. 

No major differences were seen in the 
blood pressure readings. In both groups, a 
sudden drop was noted within 4 minutes 
after release of the ligatures. This was fol- 
lowed by an increase almost to normal levels 
during the next half hour. A slow drop ap- 
peared 3 to 5 hours later in the dogs that 
died during the first 12 hours. 

Within the first hour after surgery, the 
dogs regained consciousness, and most of 
them were able to stand and walk for a few 
minutes. Dogs which failed to survive be- 
came comatose and the pulse was thready 
with a marked tachycardia. The survivors 
were very weak for 1 or 2 days. The serum 
nonprotein nitrogen and phosphorus was 
usually increased and the blood sugar, pen- 
tose, and hematocrit values decreased. Most 
of the dogs accepted water the first day and 
milk on the second. The standard diet was 
started on the third day. 

Both groups showed increased hematocrits 
2 hours after ischemia, but no group dif- 
ferences were noted. ‘Treated and control 
dogsalso presented somewhatsimilar changes 
in the inorganic phosphorus levels in that 
before the ischemia there was a slight in- 
crease with a fall to below normal during 
the ischemia. Following the release of the 
vessels, there was another slight rise at 15 
minutes which gradually fell over the 4 hour 
period to the preoperative level. The con- 
trol animals had slightly higher levels than 
those treated with ACTH. 

The plasma total acid soluble phosphorus 
is represented largely by inorganic phos- 
phorus. The slightly higher values that were 
found in the actu treated dogs were due to 
the increase in the organic fraction. 

Alkaline phosphatase was studied during 
the acute experiment in 5 dogs from the 
control group and in 3 from the AcTH treated 
group. Progressive increases were noted in 
the controls but no change was seen in the 
treated dogs. The survivor of the control 
group showed the same values as the ACTH 
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treated animals. These groups are too small 
to be of significance. 

The plasma nonprotein nitrogen de- 
creased during surgery and rose significantly 
after release of the vessels. No changes were 
noted in the dogs that recovered from the 
liver injury and survived. 

Ammonia nitrogen in the blood increased 
progressively during the experiment in both 
groups and showed marked variation from 
one dog to the other. The highest values 
were found generally in the 4 hour sample 
and varied from 157 to 650 micrograms per 
100 milliliters of blood. Normal fasting sam- 
ples were from 30 to 70. Dogs with ex- 
tremely high blood ammonia levels usually 
died but the reverse was not true since some 
dogs died in a few hours with levels of only 
200 to 300 micrograms. 

The plasma amino acid nitrogen was de- 
termined in 4 experiments and, in 3 of them, 
slightly increased values were found. ‘These 
various determinations are shown in Tables 
land II. 

Blood sugar determinations were done in 
only 6 animals from the AcTH treated group 
and 1 from the control group. The results 
are shown in Table III. The fasting samples 
in the ACTH treated group were higher, but, 
in general, the same curve was seen. The 
hyperglycemia that developed when the ves- 
sels were released was maintained through 
the 2 hour sample. An infusion of 250 cubic 
centimeters of 10 per cent dextrose in water 
was started after the 4 hour samples were 
taken. This evidently did not change the 
survival time, as 3 out of 6 of the dogs that 
survived indefinitely did not receive dextrose 
at all. 

Plasma pentose determinations were done 
in most of the dogs but the data were dif- 
ficult to evaluate because: it was demon- 
strated that dextrose interfered as much as 
4.8 milligrams for each 100 milligrams per 
cent; there were important variations of the 
blood sugar per se due to the acTH and the 
surgical procedure; 17 dogs received dex- 
trose infusion during surgery. In the dogs 
that were infused with saline, an increase 
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Fic. 1. Survival time of dogs with 1 hour of liver is- 
chemia. 








in plasma pentose parallel to that of the 
blood sugar was noted in many instances. 
The fasting plasma pentose level was higher 
in the ACTH treated animals than in the con- 
trol group—6.96 and 5.1 milligrams per cent 
respectively. In dog 322, acTH treated, the 
determination was done in whole blood, the 
fasting sample being as high as 23 milligrams 
per cent and the blood sugar 265 milligrams 
per cent. 

The clotting time was investigated in a 
few instances and was found to be some- 
what longer in the controls than in the 
ACTH group. A progressive tendency to he- 
molysis was also noted, particularly in the 
controls, but was not studied thoroughly. 
Tanturi has reported similar findings in fatal 
cases of experiments on hepatic artery 
ligation. 


POSTMORTEM FINDINGS 


In those dogs which died in a few hours, a 
dark, congested, and friable liver with patchy 
areas of necrosis was found. Often pale, 
yellowish areas were seen. The shunts were 
patent, and variable amounts of blood and 
lymph were present in the abdominal cavity. 
Hepatic necrosis was the major finding in 
the animals that survived from 1.5 to 2.5 
days. No other gross pathologic findings 
were noted in the kidneys, adrenals, gastro- 
intestinal tract, and chest. In the survivors 
from the AcTH treated group, 5 had normal 
livers, and the other had a fatty liver with 
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TABLE I.—BLOOD CHANGES IN THE CONTROL GROUP 


Total acid Alkaline 
Sex soluble Inorganic phosphatase Nonprotein Intra- 
Dog Weight, kgm. Blood Hema- fhosphorus phosphorus Bod. nitrogen venous Survival 
No. Rose bengal sample  tocrit mgm. per cent mgm. per cent units per cent mgm. per cent infusion time Comment 
245 Male B.S. 56 5.8 4.6 ra 10% 4hrs. On post.: liver dark, con- 
21.9 15min. 52 9.4 7A 31 D/W gestive. In __ peritoneal 
2 hrs. 61 55 4.0 45 cavity, no blood and very 
130 4 hrs. 64 V2 little free fluid 
251 Male B.S. 45 3.7 3.5 0.6 27 10% 7hrs. Very little free fluid in ab. 
18.5 Bi. 46 5.6 4.5 1.0 31.5 D/W domen on post. Liver 
B.R. 46 4.7 3.8 12 29.5 dark, congestive 
126 15 min. 46 4.4 53 1.6 36.5 
1 hr. 50 3.8 a5 2:3 41 
2 hrs. 2.8 2.1 25 50 
4 hrs. 51 4.7 3.3 3.4 41 
250 Male B.S. 42.5 4.9 3.4 2.3 29.5 10% Indef. Good recovery 1st 2 days 
18.5 B.I. 46 5.8 5.0 2.2 24 D/W only accepted water; 3rd 
B.R. 42 4.3 4.1 1.8 22 day milk and meat. Blood 
121 1 hr. 41 5.6 4.8 ye 23 studies normal in 3 wks. 
2 hrs. 40 5.4 4.0 2:2 24 Sacrificed 3 mos. Normal 
4 hrs. 50.5 3:2 2:2 3.0 24.5 liver. Latex rubber to bl. 
supply. No anatomic rea- 
son for its survival 
263 Male B.S. 38.5 4.0 3.3 2.6 33 10% 2.5hrs. Clotting became very poor 
222 BI. 32 9.6 8.4 2.5 27 D/W after release of ischemia. 
B.R. 33 75 7A 27 26 2 hrs. sample did not clot. 
108 15min. 33 8.2 8.2 a0 47 Autopsy: more _ than 
1 hr. $2.5 19 7A 4.7 500 c.c. of blood in 
2 hrs. 33 13 5.8 7.5 44 abdomen 
278 Male B.S. 50.5 5.1 4.7 6.2 30 10% 4hrs. After vessels were released 
22.0 B.I. 57 5.9 4.7 4.6 25 D/W clotting time was 30 min., 
B.R. 7.0 6.1 4.9 20 and progressive hemoly- 
96 15min. 53.5 9.4 8.0 29 sis was noted in the 
1 hr. 54 9:1 8.2 15 28 samples. Terminal am- 
2 hrs. 51.5 13 6.4 16.8 29 monia N.: 562 ugm. %. 
(3hrs. 51 6.7 6.1 20.7 50 Autopsy: 190 c.c. of 
50 min.) blood in abdominal cav- 
ity. No clots 
266 Male B.S. 57 5.2 4.0 4.9 40 10% 5.7hrs. Terminal blood ammonia 
23.0 B.I. 60.5 5.6 4.5 30 D/W N. was: 243 ugm. %,. 
B.R. 60.5 3.8 2.9 33 al Liver was dark and con- 
15 min. 61 5.4 4.2 31 gestive on post., and 100 
1 hr. 61 5:3 4.2 3.8 33 c.c. of bloody fluid were 
2 hrs. 65 3:5 2.9 6.2 37 present in the abdomen 
4 hrs. 66 3.9 3.2 12.8 45 


B.S., Immediately before surgery. B.I., Just before ischemia. 


B.R., Just before release of the ligatures. 15 min., 1, 2, and 4 hrs., Lime after release. 


10% D/W, Dextrose 10 per cent in water. 


a slight degree of fibrosis and a patent shunt. 
In the survivor from the control group, no 
gross pathologic condition was found, and 
the latex rubber injection in the aorta did 
not reveal arterial anomalies. 


DISCUSSION 


The survival time of the hepatectomized 
dog and the permanently ligated liver is- 
chemia dog, when maintained with intra- 
venous glucose, is in most instances longer 
than 24 hours and death is in ‘hepatic 
coma.” It has been shown that if the is- 
chemia is maintained for only 1 hour, the 
survival time of normothermic animals is 


much shorter, the average being 5.5 hours, 
and death ensues in a shock-like state. It 
has been reported in the later cases that 
the mortality rate is close to 100 per cent— 
in spite of antibiotic protection. The present 
study indicates that tolerance to ischemia 
can be increased if the dogs are treated 
with ACTH. 

Experimental and clinical evidence has 
demonstrated the important role that the 
liver plays in hemorrhagic and traumatic 
shock. In an ingenious experiment in dogs 
subjected to prolonged hemorrhagic shock, 
Frank, Seligman, and Fine (10) demon- 
strated that the liver protected the organism 
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TABLE II.—BLOOD CHANGES IN THE ACTH GROUP 


Total acid Alkaline 
Sex soluble Inorganic phosphatase Nonprotein Plasma Blood Intra- 
Dog Weight, kgm. Blood Hema- phosphorus _ phosphorus Bod. nitrogen pentose glucose venous Survival 
No. Rose bengal sample tocrit mgm. per cent mgm. per cent units per cent mgm. per cent mgm. per cent mgm. per cent infusion time 
290 Male B.S. 63 4.5 3 1.4 26 7.8 125 10% D/W 10hrs. 
27.0 B.I. 64.5 5.3 4.0 21.0 278 
B.R. 63 6.0 3.9 37.4 340 
80 1 hr. 57 7.8 5.6 1.8 48 37.2 530 
2 hrs. 65 6.5 £5 31 22.0 350 
4hrs. 68 5.4 5.4 a2 34 14.6 200 


Comments: Hemorrhage after release. Clotting time: 2.5 minutes at 2 and 3 hours after ischemia. On post.: 300 c.c. of bloody fluid. 


254 Female’ BS. 47.5 4.7 3.5 1.9 20 5.1 110 Saline Indef. 
18.0 B.I. 45 ta 5.7 1.5 16 9.6 189 
B.R. 45 7.8 4.8 2.4 20 11.9 220 
119 15 min. 45 6.0 5.3 23 14.7 260 
1 hr. 45 5.5 4.5 2.8 24 9.1 186 
2hrs. 50.5 8.3 33 3.0 22 72 123 
3hrs. 45 8.4 5.0 1.2 20 6.3 96 


Comments: Remarkable appetite. Lost 2 kgm. in 3 mos. Alkaline phosphatase normal but rose bengal always around 50. Sacrificed: 
3 months. Shunt patent. Fatty liver. No fibrosis. 


273 +Female’ BS. 55 4.0 3.0 4.4 100 Saline 11 hrs. 
23.0 B.I. 59 8.7 6.2 8.8 145 
B.R. 57 24.2 6.4 32 80 
94 30 min. 11.2 7.6 a7 70 
1 hr. 58 9.6 7.1 4.2 70 
2hrs. 59.5 8.4 6.1 2 4 58 
4hrs. 59.5 7.4 5.8 4.0 60 


Comments: On post.: right lobes very pale and left lobes engorged and dark; 50 c.c. of bloody fluid in abdomen. 


222. Female B.S. 61.5 5.0 4.8 reUs 170 Saline 6.5 hrs. 
26.0 B.I. 63.5 8.3 te 14.1 175 
B.R. 63.5 72 6.6 7.0 137 
1 hr. 57 9.4 7.5 12.0 161 
2 hrs. 61 7.1 5.9 8.4 108 
4 hrs. 62.5 6.8 LA 59 62 


Comments: 80-100 c.c. of bloody fluid in abdomen. Shunt patent. Right lobes of the liver darker than left. 


314. Female’ ‘B.S. 42 5.4 4.0 22 9.9 210 Saline Indef. 
21.4 B.I. 45 S7 4.3 19 9.0 193 
B.R. 46 5.2 3.8 19 10.8 202 
128 15 min. 44.5 6.7 5.0 22 23.4 375 
thr. 45 7.0 no 23 18.2 300 
2hrs. 45 4.6 3.4 22 10.6 184 
4hrs. 46.5 4.5 3.3 20 


Comments: Complete recovery. Rose bengal remained around 80 for 3 months. Sacrificed: liver appeared normal. 


322. Female’ BS. 51 5.0 3.9 21 23.0 265 Saline 2.5 days 
15.5 B.I. 49 4.5 3.4 16.5 200 
B.R. 51.5 3.6 1.9 13.1 185 
112 15 min. 53 4.2 2.9 20.5 287 
Thr. 46.5 4.2 3.0 13.3 208 
Z2hre. 55.5 3.2 4.8 10.8 145 
3 hrs. 56.5 5.7 4.3 12.5 96 


Comments: In first postoperative day: NPN 54, alk. phosphatase 7.6; inorg. phosph. 8.5; hematocrit 58.5; B. sugar 78; and pentose 
13.4. On post.: shunt patent. Liver pale—scattered areas of necrosis in left lobes. 


330. Male B.S. 61 6.0 33 148 Saline 15 days 
26.3 B.I. 61.5 6.9 138 
B.R. 57.5 4.0 126 
107 15 min. 4.3 157 
1hr. 60 3.4 137 
2hrs. 60 jE 2.7 101 
4hrs. 55.5 2.4 77 


Comments: Before ACTH, B. sugar 81. Very sick after surgery. Only water. A week after, NH3. N 170 ugm. per cent. Peritonitis. 
Necrotic pancreatitis. Scattered areas of necrosis in the liver. Shunt patent. 
B.S., Immediately before surgery. B.I., Just before ischemia. 


B.R., Just before release of the ligatures. 15 min., 1, 2, and 4 hours, Time after release. 
10% D/W Dextrose 10 per cent in water. 
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TABLE III.—BLOOD SUGAR 
Average of 6 ACTH 


Control dog treated dogs 

Db ds. . 96 167 
rs —— 123 173 
_ | Uae ree ef : 83 158 
15 min... : 180 269 
ae ee ae , 139 177 
C2 a ree y ij 119 
MIR Sia vd is vcd She o's — 96 
DM Rre a tigtha sa kustiens 82 66 

tie before surgery. 

B.I., Just before ischemia. 

B.R., Just before release. 

15 min., 1, 2, and 4 hours, Time after release of the ischemia. 


Before any ACTH was given, 1 dog had 81 mgm. per cent, and 
before surgery rose to 148 mgm. per 100 ml. of blood. 


from developing ‘“‘irreversibility’’ since an 
adequate blood flow through the liver was 
life-protecting while viviperfusion through 
the systemic veins was not. Cohn and Par- 
sons, Wayne and associates, and Hay con- 
firmed Frank’s conclusions. Leger and his 
associates have reported good results in shock 
patients by improving the liver blood supply 
with transfusions in the splenic vein. 

In the present experiment, following the 
release of the vessels, the liver became pro- 
gressively engorged and dark in a very few 
minutes, and the blood pressure showed an 
abrupt fall that slowly returned to normal. 
A short time later, shock appeared in the 
dogs that had a survival time of 12 hours 
or less. In other cases of experimental shock, 
the following factors have been considered 
as to its genesis: liberation of a toxic sub- 
stance or of a vasodepressor substance by 
the injured liver, decrease in effective cir- 
culating blood volume due to blood and 
fluid loss into the liver, trapping of blood 
in the portal circulation, and a bacterial 
factor. 

That some sort of toxic substance was 
liberated by the injured liver when the ves- 
sels were released has been discussed in 
Cannon’s work on traumatic shock. Shorr, 
Zweifach, Chambers and associates made 
a good deal of investigation in shock and 
isolated a vasodepressor substance (vpM) 
liberated by the anoxic liver that produced 
a reduction in the effective circulating vol- 
ume by pooling blood in the portal system. 
Frank and associates (8) have had difficulty 


in reproducing these experimental findings, 
They observed no effect upon arterial blood 
pressure or survival when vpM was injected 
intravenously to hepatectomized-nephrecto- 
mized dogs in amounts sufficient to produce 
plasma concentrations considerable in excess 
of those observed in advanced hemorrhagic 
shock. Others have observed similar findings, 

Blalock and Parsons and Phemister felt 
that the shock causing factor was the marked 
reduction in the effective circulating blood 
volume due to the local hemorrhage and 
fluid which was lost into the extravascular 
space of the traumatized tissue. Mylon and 
Winternitz demonstrated in cross circulation 
experiments that shock could develop with- 
out local loss of fluid. The portal pressure 
is known to be increased in shock and fol- 
lowing the release of the ligatures in liver 
ischemic experiments. In those cases, the 
physiologic effects of portal stasis and of 
decreased effective systemic blood volume 
must be considered in addition to those of 
reduced hepatic blood supply. Dogs do not 
tolerate acute portal vein occlusion and die 
in about an hour. Death can be delayed, 
but not prevented, if the systemic blood 
volume is maintained by blood transfusions 
or by occluding the celiac vessels. Andersen 
has demonstrated that survival time in acute 
portal vein occlusion is longer when blood 
is shunted from the vena cava to the portal 
vein above the ligature, thus increasing 
blood and oxygen supply to the liver. In 
a recent study by State and Lichtenstein, 
the stagnation of blood in the damaged 
liver after an hour of ischemia markedly 
decreased the effective systemic blood vol- 
ume and seemed to them to be the most 
significant factor in the etiology of shock. 

When no antibiotics were given to dogs 
with hepatic artery ligation, death ensued 
and was attributed to bacteria growing in 
the liver. Spore-bearing anaerobic rods are 
present in the liver of normal dogs and they 
abound in the necrotic livers of dogs dying 
after hepatic artery ligation. In normal 
healthy dogs, there is continual seeding of 
the liver by bacteria that pass from the 
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gastrointestinal tract to that organ via the 
portal vein. Cultures of portal vein blood 
were reported to be positive in 60 per cent 
of apparently healthy dogs and gram posi- 
tive cocci were isolated in 92 per cent of 
those cases. Bacteria, with the exception of 
clostridia, are destroyed by phagocytosis in 
the liver. Nelson and Noyes (22) stated that 
the hypoxia and capillary distention present 
in shock may jeopardize the barriers which 
normally confine those bacterial toxins to 
the intestine, and could result in a migration 
into the circulation, thereby initiating a 
vicious cycle with even greater dilatation 
and loss of integrity of the capillaries. An 
experiment by Grana, Mann, and Essex 
also pointed out the importance that the 
liver has in the development of shock. Lethal 
doses of ascaris extract and hydatid fluid 
produced little or no effect on the blood 
pressure when infused into hepatectomized 
dogs. 

That penicillin prevented liver necrosis 
following ligation of the hepatic artery was 
demonstrated by Markowitz, Rappaport, 
and Scott and by Davis, Tanturi, and Tark- 
ington. Tanturi and associates considered 
lecithinase, identified with the alphatoxin 
of Clostridium perfringens type A organisms 
to be the main lethal factor. Other anti- 
biotics, mainly of the tetracycline group, 
have been reported equally effective. The 
studies of Schatten threw serious doubt as 
to the importance of clostridia in the death 
following hepatic artery ligation and sug- 
gested that the responsible organisms were 
gram positive cocci. He protected dogs who 
had their hepatic artery excised by steriliz- 
ing the intestinal tract with neomycin. Fine 
and co-workers (9) had previously reported 
reduced mortality rates in a standardized 
hemorrhagic shock experiment in dogs pre- 
treated with oral neomycin, an antibiotic 
which has little effect on clostridia in vivo 
or in vitro. They concluded that intrain- 
testinal bacteria, but not clostridia, are in- 
volved in the phenomenon. It has been re- 
ported by Edward and associates that anti- 
bacterial defenses in the dogs which are 
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injured by shock may be protected, to a 
large measure, by precooling the animal. 

ACTH has been found experimentally and 
clinically to be of some value in treating 
traumatic shock. although this concept a- 
waits further studies. Kibbey, D’Amour, 
and Smith reported that acTH increased the 
survival time by 54 per cent in experimental 
traumatic shock of intestinal origin, and 
resulted in a 53 per cent increase in the rate 
of oxygen consumption. The metabolic stim- 
ulation so reflected was thought to be the 
logical explanation for the increased mean 
survival time, inasmuch as AcTH failed to 
improve the general circulatory pattern of 
shock. Raffucci (25) reported that AcrH in 
combination with antibiotics decreased the 
mortality rate in hepatic ischemia which 
was produced by simultaneously clamping 
the portal vein, celiac axis, and superior 
mesenteric artery. He found pork actu to 
be of more value than the hormone extracted 
from sheep pituitaries. 

The blood changes in the current, shock- 
producing experiment were those common 
in the response to injury in general, in that 
persistent increases were observed in hema- 
tocrit, phosphorus, alkaline phosphatase, 
nonprotein nitrogen, ammonia nitrogen, 
amino acid nitrogen, and transitory in- 
creases in blood glucose and plasma pen- 
tose levels. Decreases were noted in blood 
sugar and pentose values once the liver 
glycogen was depleted. Considering sep- 
arately the dogs that died and those that 
survived, regardless of treatment, the same 
trend of variation was found. 

A progressive increase was noted in the 
serum alkaline phosphatase of the controls 
with no change in those treated with acru. 
This drug has been reported to decrease 
the phosphatase activity. 

The nonprotein nitrogen decreased during 
surgery before the ischemia and rose mark- 
edly after the release of the vessels. The 
survivors tended to have a lower level than 
those that died. 

The biologic energy transformations dur- 
ing shock have been studied by McShan 
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and associates in the blood, and by Le 
Page (17, 18) in the tissues. They regard 
adenosinetriphosphate (arp) as the energy 
source directly coupled to function. Its 
breakdown in the tissues during shock re- 
sults in an increase in phosphate and pen- 
tose in the blood. They find that the cor- 
relation between survival and the speed of 
return toward normal, as well as the mag- 
nitude of the original rise, strongly suggests 
that the breakdown products of the energy 
reservoirs are closely related to the develop- 
ment of shock. During the hypotension the 
oxygen supply to the tissues is decreased, 
and the resynthesis of Arp becomes increas- 
ingly ineffective. 

The increase in the inorganic phosphorus 
following the release of the vessels was more 
marked in the control group, in spite of the 
fact that most of them were receiving glu- 
cose infusions. Glucose has been shown to 
decrease the plasma inorganic phosphate. 
ACTH has been reported to depress the renal 
threshold for phosphorus. 

As already shown by McShan and as- 
sociates and confirmed by us, the total pen- 
tose determination according to the method 
of Mejbaum is interfered with by glucose, 
thus making it impossible to evaluate the 
data when the blood glucose levels were 
not determined simultaneously with the 
pentose. 

The blood sugar showed the expected in- 
crease that is known to occur following stress, 
liver injury, and AcTH therapy, and then 


progressively decreased during the 4 hours 


following ischemia. It was demonstrated that 
glucose was of no importance in increasing 
the tolerance to ischemia. 

The toxicity of ammonia has been demon- 
strated in animals and in humans. Blood 
ammonia levels have been found to be in- 
creased in Eck fistula and hepatectomized 
animals, in liver disease, in hepatic coma, 
and in shock states. In the normal animal 
the intestine and kidney contribute ammonia 
to the circulating blood, while the liver re- 
moves part of it for the synthesis of urea. 
Nelson and Seligson (23) studied animals 


in shock and found that the concentration 
of ammonia both in the portal vein and in 
the renal veins is increased and that the 
liver does not reduce the ammonia ade- 
quately. This increase in ammonia is known 
to be present in all types of shock and usually 
is proportional to the degree of severity of 
the shock. In the present experiment, dogs 
with blood ammonia levels many times 
normal usually died, but some others died 
in a few hours with levels of only 200 to 
300 micrograms per 100 milliliters of blood. 
Higher values have been maintained by us 
(27) in dogs infused with ammonium salts 
and glycine with no casualties. However, 
these animals had normal liver function. 
It appears probable that ammonia alone 
was not responsible for the death in our 
study. 

The lowest excretions for rose bengal in 
the survivors were usually obtained im- 
mediately after operation, and it is reason- 
able to suppose that the recent liver injury 
and the portacaval anastomosis were re- 
sponsible for the loss of excretory function 
for the dye. The improvement that was 
noted in the following weeks probably came 
from liver regeneration and closure of the 
venous shunt by the absence of the pressure 
gradient. 

An inverse relation was usually present 
between the dye clearance and the alkaline 
phosphatase, the latter remaining slightly 
elevated for a month. 


CONCLUSIONS 


In comparing the two groups of animals 
in the present study, it is apparent that only 
a limited number of the observations and 
chemical data show any marked differences. 
That the survival time was increased is quite 
obvious. All control animals except 1 died 
within 12 hours and two-thirds of the ACTH 
treated animals survived more than 36 hours. 
The only gross change observed during the 
the period of surgery was that, in most in- 
stances, the liver of the dogs treated with 
ACTH developed a brownish red to bright 
red color during the period of engorgement 
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that followed release of the vessels. The liver 
of the control animals uniformly became 
quite dark. In the immediate postoperative 
period it was difficult to correlate the find- 
ings with eventual survival times. ‘The pulse 
rate, hematocrit readings, and blood pres- 
sure patterns, which might reflect the sys- 
temic circulation, were about the same in the 
two groups. 

The chemical data were, for the most 
part, nonconclusive. The control animals 
showed a somewhat higher inorganic phos- 
phorus, and a lower alkaline phosphatase 
and nonprotein nitrogen. The blood am- 
monia usually was quite high in the non- 
survivors but could not be related as to the 
controls and AcTH treated dogs. These find- 
ings are tendencies only in that the small 
number of animals involved renders them 
stastically insignificant. 

From the negative viewpoint, certain find- 
ings can be pointed out. Temperature of the 
environment was unimportant in that both 
the operating room and the animal quarters 
were air-conditioned. The sex and age of the 
animal evidently made little difference as 
to survival, as did the infusion of glucose. 

An attempt was made to correlate some 
of the current concepts in the etiology of 
shock to compare them with our findings. 
In our previous study, we demonstrated that 
some blood passes through the liver during 
ischemia. ‘This might tend to minimize the 
development of a toxic metabolite or a vaso- 
depressor substance. The local loss of blood 
and periportal lymphatic fluid into the per- 
itoneal cavity in a few instances could have 
led to circulatory failure. In most cases this 
was minimal and was not related to the use 
of acrH. Circulatory failure due to pooling 
of the blood in the portal system was min- 
imized in our study because of the patent 
portacaval shunt. 

In spite of the chemotherapy used, the 
effect of shock resulting from infection and 
bacteremia is possible. However, the devel- 
opment of a deep shock in a short time makes 
this possibility remote. Interstitial hemor- 
thage due to damage of the liver capillaries, 
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along with some fluid loss, could interfere 
with the energy supply to the already dam- 
aged liver cells and disrupt the arp forma- 
tion. The availability of usable plasma pen- 
tose determinations might have shed some 
light in this regard. 

It is likely that the original drop in blood 
pressure following the release of the vessels 
is due to the rapid filling of the ischemic 
liver with blood. Two control dogs did not 
recover from this insult, even though the 
pressure in most instances began to resume 
its previous level within 4 minutes. One of 
the effects of AcTH is to increase the re- 
sponsiveness of the circulatory system to 1- 
norepinephrine, which might account for the 
survival differences. Another effect of AcTH 
is to increase oxygen consumption in the 
tissues. This could account for the color 
differences noted in the liver and may have 
been a factor in preserving the functioning 
liver cells in the treated animals. 


SUMMARY 


In dogs, actH has been found of value 
in increasing the tolerance to the shock-like 
state that follows the release of the ligatures 
after an hour of liver ischemia. 

Of 13 control dogs whose afferent hepatic 
blood supply was ligated for 1 hour, only 
1 survived and the others died in shock 
within the first 12 hours. Of 15 actu treated 
animals, 10 survived more than 36 hours— 
6 of them indefinitely—and only 5 died in 
shock within the first 12 hours following the 
release of the vessels. All animals received 
penicillin. Blood was drawn at periodic in- 
tervals and certain biochemical changes 
were compared in the two groups. Increase 
in serum alkaline phosphatase and non- 
protein nitrogen frequently correlated with 
survival time. Glucose infusion failed to in- 
crease the tolerance to ischemia in that 3 
out of 6 dogs which survived indefinitely did 
not receive glucose at all. Death was ap- 
parently caused by shock and not by hepatic 
coma and its possible genesis is briefly out- 
lined. Only 1 of the dogs which survived 
indefinitely had an abnormal liver at the 
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time of sacrifice 3 months later, and that 
dog had a patent portacaval shunt. 

ACTH evidently afforded some protection 
against shock in this experiment and might 
be of some value when ischemic fields are 
necessary in the surgery of liver tumors. 
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PORTAL HYPERTENSION 


AN EVALUATION OF PORTACAVAL SHUNTS FOR 


GEORGE A. HALLENBECK, M.D., F.A.C.S., and EVERETT SHOCKET, M.D., 


Rochester, Minnesota 


WHIPPLE AND HIS ASSOCIATES established the 
fact that portal hypertension can occur in 
man when free flow of blood out of the portal 
venous system is obstructed either within 
the liver by cirrhosis or other diseases or 
outside the liver by disease of the portal 
vein and its tributaries. Splenomegaly and 
the development of collateral venous chan- 
nels including esophageal varices are sequels 
of portal obstruction. Portal decompression 
by some form of portacaval anastomosis 
seemed a natural solution to the problem of 
bleeding from esophageal varices. As experi- 
ence of many surgeons accumulated, it be- 
came apparent that small shunts between 
minor veins of the two systems were regularly 
ineffective and that anastomoses between the 
portal vein and vena cava or between the 
end of the splenic vein and the side of the 
left renal vein offered most promise. Re- 
ports of Blakemore (3), Linton (18), Rous- 
selot, Child, and Jahnke, to name a few, 
have consistently supported the view that 
shunts made between the portal and caval 
systems are effective in controlling bleeding 
from esophageal varices. Others, such as 
Taylor (28), Cohn (6), Bennett and as- 
sociates, and Ripstein, have doubted their 
value. 

We join those who consider these opera- 
tions useful in the management of selected 
patients who bleed from esophageal varices, 
and we wish to present our experience with 
35 patients on whom splenorenal or direct 
portacaval shunts were performed from 1951 
to 1955. Forty-seven patients had _ intra- 
hepatic portal obstruction; 8 had extra- 
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hepatic portal obstruction and had not un- 
dergone splenectomy previously. The two 
groups will be described separately. 


PORTACAVAL SHUNTS FOR INTRAHEPATIC POR- 
TAL OBSTRUCTION 


Forty-three of the 47 patients, 25 males 
and 18 females, had some type of cirrhosis 
(Table I). Ages ranged from 5 to 73 years. 

In 1 case sarcoidosis involved the liver. 
In 3 cases roentgenologic evidence did not 
indicate extrahepatic portal obstruction; he- 
patic function as judged by the usual tests 
of liver function was normal, and livers felt 
firmer than is normal but did not fulfill 
gross or histologic criteria for cirrhosis. ‘These 
have been classified as instances of intra- 
hepatic portal obstruction of undetermined 
etiology. The pathologist’s reports of biopsies 
of the livers stressed increased fibrous tissue 
and venous spaces in periportal tissues. 

Forty-four of the 47 patients had ex- 
perienced hematemesis. In 2 of the 3 who 
had not bled esophageal varices were demon- 
strated by means of esophagograms. Ac- 
ceptable evidence for a diagnosis of eso- 
phageal varices includes the positive evi- 
dence in the esophagogram or on esophagos- 
copic examination, or a history that bleed- 
ing was promptly stopped by esophageal 
tamponade. Esophagograms gave evidence 
of varices in 32 (69.5 per cent) of the 46 
patients who underwent this test. In 11 of 
the 46 patients, other means of diagnosis 
indicated varices. In 3 patients, esophagos- 
copy was not done and diagnosis of esophag- 
eal varices remains presumptive (Table I1). 

Hospital mortality rate. Of the 47 operations 
29 consisted of direct portacaval shunts be- 
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TABLE I.—SHUNTS BETWEEN THE PORTAL AND CAVAL VENOUS SYSTEMS FOR INTRAHEPATIC PORTAL 
OBSTRUCTION: 1951-1955 
Cause of portal Age at 
obstruction Patients Males Females operation, yrs, 
Cirrhosis 
History of alcoholism....... re : , 17 14 3 39-64 
History of hepatitis....... 7 3 4 5-54 
Etiology indeterminate Pm 16 6 10 25-73 
Wilson’s disease... . . ; ; 2 1 1 21-28 
Hemochromatosis. .. . . en ; 1 1 0 46 
aa 43 25 18 5-73 
No cirrhosis 
PURINE 5 a5 ects ote vs Gast ey te awitcgin bern ese aeNER 1 0 1 33 
Etiology undetermined...................... 3 2 1 22-55 
ar eee 4 2 2 22-55 
BONN. aechig aissdtestery och ae ee Sl Ne ema 47 27 20 5-73 


tween the portal vein and vena cava. One 
side-to-side anastomosis was made; the 
others were end-to-side. Six of the 29 pa- 
tients died in the hospital, a hospital mor- 
tality rate of 20.7 per cent. One of these died 
99 days after operation, having been unable 
to leave the hospital because of muscular 
inco-ordination and disability associated 
with Wilson’s disease. Splenectomy with 
end-to-side splenorenal anastomosis was per- 
formed on the remaining 18 patients. One 
patient died, giving a hospital mortality rate 
of 5.6 per cent. Thus, 7 (14.9 per cent) of 
the 47 patients failed to survive operation. 

Correlation between hospital mortality rate and 
preoperative hepatic function. Hepatic insuf- 
ficiency is the commonest cause of death in 
the immediate postoperative period after 
portacaval or splenorenal anastomosis on 
patients with cirrhosis of the liver. The mor- 
tality rate then is greatly influenced by the 
selection of patients for operation. Data pre- 
sented in Table III relate the operative 
mortality in our series of cases to results of 
tests of liver function most commonly per- 


TABLE II.—EVIDENCE FOR DIAGNOSIS OF ESOPH- 
AGEAL VARICES IN 47 PATIENTS WITH INTRA- 
HEPATIC PORTAL OBSTRUCTION 


Patients 
Esophagogram (46 patients) 
MOIRA Be yossicie o9e a 5c cfs Gta ohare giatacaiel uareiese Aner eat S 32 
Negative 
Esophagoscopy positive... .............0ceseeee 7 
DPIBRNORS PVESUMPUVE:. oir c tees ec cenene 3 
Bleeding stopped by esophageal tamponade....... 4 
Bleeding stopped by esophageal tamponade; 
CHOPRARTAM NOEMAE «65.55.0655 Ki cae mnsee neon 1 
MPR Sis Sie ast sahe iy iaielany Sa Soares 47 


formed preoperatively. The number of pa- 
tients in some of the categories is small. For 
example, the prothrombin time of only 2 
patients failed to come within 4 seconds of 
normal after administration of vitamin K. 
The fact that both survived the operation 
whereas 7 of 44 patients whose prothrombin 
time more nearly approached normal did 
not survive gives an incorrect picture of the 
importance of this factor. In general, the 
more impairment of hepatic function in- 
dicated by the individual tests, the greater 
was the postoperative mortality rate. With 
regard to retention of sulfobromophthalein 
(bromsulphalein), no significant change in 
mortality rate occurred until more than 23 
per cent of the dye was retained after 1 
hour. The mortality rate was greater when 
total serum albumin was low than when it 
was 3.6 grams or more per 100 cubic centi- 
meters. In our patients, the cephalin-choles- 
terol flocculation test was not helpful in 
predicting the mortality rate to follow sur- 
gery; in other series like that of Ebeling 
and associates, the reverse has been true. 
Pressure in portal system. In 40 patients who 
had bled, portal pressure was measured after 
direct venipuncture at the time of laparot- 
omy. In most instances the splenic or portal 
vein was used; in a few instances early in 
our experience, veins in the gastroepiploic 
system were used. The zero point was cor- 
rected as nearly as possible to the level of 
the portal vein. Only 5 of the 40 patients 
had portal pressures of less than 30 centi- 
meters of saline solution. Twenty-eight had 
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TABLE II1I.L—RELATIONSHIP BETWEEN HEPATIC FUNCTION AND HOSPITAL MORTALITY RATE IN PATIENTS 
WITH HEPATIC DISEASE 


Test of hepatic function 

Sulfobromophthalein 
retained after 1 hour, 
per cent 


Total serum bilirubin, 
mgm. per 100 ml. 


Serum albumin, 
gm. per 100 ml. 


Cephalin-cholesterol 
flocculation, grade 


Prothrombin time, seconds above normal 
after administration of vitamin K 


portal pressures between 30 and 49 centi- 
meters and 7 had pressures greater than 
49 centimeters of saline solution. 

Portal pressures were measured in 18 pa- 
tients before and immediately after anasto- 
mosis between the portal vein and vena cava 
and in 8 patients before and after splenorenal 
shunt. Reductions in pressure after establish- 
ment of direct portacaval shunts ranged from 
the questionable value of 0 in 1 patient to 
36 centimeters of saline solution with a mean 
of 20 centimeters; after splenorenal shunt, 
from 2 to 13 with a mean of 6 centimeters 
(Table IV). Though data with regard to 
splenorenal shunts are scanty, the compar- 
ison supports the idea that direct portacaval 
shunts usually reduce the portal pressure 
to a greater degree than do splenorenal 
shunts. 

The effects of portacaval and splenorenal shunts 
on bleeding from esophageal varices. Of the 17 
patients who survived splenorenal shunt, 4 
(23.5 per cent) bled subsequently. One of 
these had 3 small hemorrhages during the 
first year after operation but did not require 
blood transfusion. One had 2 severe hemor- 
thages 1 and 2 years after operation and a 
minor hemorrhage 2% years after operation. 
The third had a hemorrhage of moderate 
severity 27 months after operation; the 
fourth a similar episode 22 months after 
operation. 





Hospital 
deaths. 
Patients No. Per cent 
0-11 19 2 10.5 
12-23 18 2 11.1 
24-39 8 2 25.0 
>40 1 0 = 
<1.0 15 1 6.7 
1.0-3.0 30 5 16.7 
> 3.0 2 pon 
>4.0 19 3 15.8 
3.6-3.9 17 2 11.8 
3.0-3.5 9 2 22.2 
0-2+ 23 3 13.0 
3+-4+ 14 2 14.3 
0-4 44 7 15.9 
>4 2 0 Sige 


Of the 23 patients who survived end-to- 
side portacaval shunt, 5 (21.7 per cent) bled 
subsequently. In 2 of these, all evidence, 
clinical in 1 and postmortem in the other, 
supported the idea that the bleeding came 
from a coexisting duodenal ulcer. In 1 other 
patient, the single episode of bleeding was 
minor. In the fourth patient, a terminal 
hemorrhage followed 6 months of increasing 
hepatic decompensation and was found at 
necropsy to have come from a varicose vein 
in the duodenum. In the fifth, bleeding was 
found at operation elsewhere to have come 
from a gastric varix. 

Considering all patients as a group, 9 of 
40 patients who survived shunting operations 
bled subsequently, an incidence of 22.5 per 
cent. Two of these died during or soon after 
the bleeding. 

The 47 patients experienced a total of 75 
hemorrhages during the 12 months before 


TABLE IV.—EFFECTS OF DIRECT PORTACAVAL 
AND OF SPLENORENAL SHUNTS ON PORTAL 
PRESSURE MEASURED AT THE TIME OF OPERA- 
TION 

Portal venous pressure, cm. of 

—— - saline solution. 

Direct End-to-side 
portacaval shunt* —splenorenal shunt_ 








Before After Before After 
Mean..... aoe 42 22 36 30 
Range..... ... 28-57 9-42 25-52 17-50 


Difference...... _ —20 ; — —6 


*Seventeen end-to-side and 1 side-to-side shunt. 
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anastomoses were made and the surviving 
patients had only 4 hemorrhages during the 
12 months following the operations. 

Survival rates after portacaval shunts for intra- 
hepatic portal obstruction. Thirty-nine patients 
who survived operation were followed as of 
January 1, 1956. There were no deaths dur- 
ing the first year after operation. Of 23 pa- 
tients eligible for a 2 year survival, 22 were 
alive, a 2 year survival rate of 95.7 per cent. 
Fifteen of 17 potential survivors (88.2 per 
cent) lived 3 years and 7 of 9 potential 
survivors (77.8 per cent) lived 4 years. 

Effects of portacaval shunts on hepatic function 
of patients with cirrhosis. In the natural course 
of cirrhosis, the number and severity of the 
symptoms and signs may increase rapidly 
or slowly, or they may change little for 
many years, and sometimes the patient may 
improve with medical treatment. Knowing 
this, one might predict that it would be 
difficult to assess the effect of portacaval 
shunts on hepatic function in these patients 
unless such effects were great enough and 
consistent enough to be obvious. Transient 
depression of hepatic function frequently oc- 
curs immediately after these operations and 
is shown by increase in concentration of 
bilirubin in serum and prothrombin time, 
decrease in concentration of serum albumin, 
and so forth. Patients who fail to survive 
these operations commonly die from hepatic 
insufficiency. Any of these phenomena may 
follow other operations of comparable mag- 
nitude performed on patients with cirrhosis. 
There is no way to determine the relative 
importance of the portacaval shunt and of 
the general operative trauma, anesthesia, 
and so forth in the etiology of these acute 
changes in hepatic function. 

Prolonged changes in hepatic function 
after direct portacaval or splenorenal shunt 
can be evaluated objectively by comparing 
results of common tests of hepatic function 
before and after operation. 

Data were available concerning liver func- 
tion tests performed before and from 5 to 
42 months after 15 end-to-side portacaval 
and 10 splenorenal shunts (Table V). With 


regard to degree of jaundice, retention of 
sulfobromophthalein, concentration of albu- 
min in serum, and prothrombin time, only 
a few improved, some grew worse, and the 
greatest number remained essentially un- 
changed during the period of observation. 
For example, serum bilirubin decreased by 
more than 0.5 milligram per 100 milliliters 
in 2 patients, increased by more than 0.5 
milligram per 100 milliliters in 8 patients, 
and remained within 9.5 milligram per 100 
milliliters of the value obtained preopera- 
tively in 13 patients. Twenty-one of 23 pa- 
tients maintained the concentration of pro- 
tein in serum at 6 grams or more per 100 
milliliters, and 22 of 23 patients maintained 
serum albumin concentration of 3 grams or 
more per 100 milliliters. 

Clinical appraisal of the patients was 
similar: A few appeared worse, a few ap- 
peared improved, and the majority re- 
mained about the same. Chronic ascites had 
not developed in any case at time of follow-up. 

A priori, one would expect that deviation 
of part or all of the portal blood from the 
liver would cause hepatic function to worsen 
if any significant amount of portal blood 
had been passing through the liver before 
the shunt was created. In our experience, 
which permits a follow-up of only 5 years, 
the changes in liver function have been less 
than we expected and except in a few pa- 
tients to be described in whom neurologic 
symptoms developed, they have approxi- 
mated those which might occur in the nat- 
ural course of cirrhosis. When patients are 
selected for portacaval shunting on the cri- 
teria suggested by Linton (16), which we 
used to guide us, the operation seldom is 
followed by pronounced permanent depres- 
sion of hepatic function. 


NEUROLOGIC SYMPTOMS FOLLOWING PORTA- 
CAVAL ANASTOMOSIS 


It has long been known that performance 
of an end-to-side portacaval shunting opera- 
tion (Eck fistula) in dogs is often followed 
by episodic stupor, convulsions, apparent 
blindness, and sometimes death. Noting 
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that such symptoms appeared to be made 
worse when the animals were fed meat, 
physiologists have called the phenomenon 
“meat intoxication.”” McDermott and his 
associates (19) observed behavior reminis- 
cent of this syndrome in a patient whose 
liver had been normal but in whom an 
Eck fistula had been constructed in the 
course of partial pancreatectomy. Periodic 
or chronic mental confusion, stupor, and 
gross tremors sometimes develop in patients 
with cirrhosis of the liver who have had no 
operations. These have been described by 
McDermott (20) and Sherlock and their 
associates. These investigators, as well as 
Havens and Child and Hurwitz and Allison 
also have described similar neurologic symp- 
toms in patients with cirrhosis who have 
portacaval shunts. In some, the appearance 
of symptoms within a few weeks after opera- 
tion strongly suggests that the operation was 
the precipitating factor; in others, a delay 
of a year or more before symptoms became 
manifest makes the relative importance of 
the operation and the hepatic disease dif- 
ficult to evaluate. 

Neurologic symptoms did not develop af- 
ter splenorenal anastomosis in any of our 
17 patients, but neurologic symptoms of 
varying severity did develop subsequently 
in 6 of our 23 patients who survived end- 
to-side portacaval anastomosis. None of the 
6had any recognizable neurologic symptoms 
before operation. In 3 the problem was per- 
sistent; in 3, transitory. Brief summaries of 
these patients’ histories follow: 

Case 1. A man, aged 46 years, had severe alcoholic 
cirrhosis and a duodenal ulcer from which he had 
bled 16 years previously. A modest memory deficit 
was noted preoperatively. Two weeks following end- 
to-side portacaval shunt, a fine tremor of the hands 
developed with superimposed irregular jerking move- 
ments, occasional ataxia, mental confusion, increased 
impairment of memory, and apraxia. These symptoms 
continued for 1 year. A diet then was prescribed which 
supplied only 40 grams of protein daily and the mental 
symptoms and tremor cleared remarkably. Symptoms 
of exacerbation of the duodenal ulcer appeared sub- 
sequently and were treated in the usual manner. A 
gastrointestinal hemorrhage occurred and was fol- 
lowed by hepatic failure and death. Necropsy showed 
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TABLE V.—EFFECTS OF DIRECT PORTACAVAL AND 
SPLENORENAL SHUNTS FOR INTRAHEPATIC 
PORTAL OBSTRUCTION ON CERTAIN TESTS OF 
HEPATIC FUNCTION 5 TO 42 MONTHS AFTER 
OPERATION 


Test and variation —Patients with end-to-side shunts. 


in result Portacaval Splenorenal Total 
Total serum bilirubin, mg. 
per 100 ml. 
Kreveasedl SO:56 2 cccceciics 8 0 8 
Remained within +0.5..... a 6 13 
Deereased > 0.5..000.60000 0 2 y 


Sulfobromophthalein retained 
after 1 hour, percentage 


points 
po 2, 7 4 11 
Remained within +5....... 6 6 12 
Deerensed 5. .06cccccvcss 1 0 1 
Serum protein, gm. per 100 ml. 
pT | er ee 13 8 21 
RiGee thee Once. 35 oss weenie 2 0 2 
Serum albumin, gm. per 100 ml. 
Remamed 23.0.2... 60608: 15 7 22 
Decreased >0.4........... 4 a 7 
Remained within 10.4..... 8 4 12 
Increased >0.4............ a 1 4 
Prothrombin time, seconds 
(after K) 
Ji De a a 0 3 
Remained within +2....... 10 4 14 
RISES oF is wank eS sceus 0 2 2 


a patent portacaval shunt, no evidence for esophageal 
varices, and a duodenal ulcer which appeared to be 
the source of the bleeding. 

Casz 2. A woman, 55 years of age, had cirrhosis 
which was probably the result of an episode of hepati- 
tis 10 years previously. She had experienced one mas- 
sive hemorrhage from esophageal varices. An end-to- 
side portacaval anastomosis was made. Six weeks later 
coarse tremor of the hands and slurred speech de- 
veloped. Two weeks following this the patient ex- 
perienced visual and auditory hallucinations and be- 
came semicomatose. These symptoms cleared up but 
recurred in less severe form for from 1 to 2 days during 
the subsequent 8 months; at the end of that time a 
second episode of near coma occurred. 

The patient was evaluated again 1 year after opera- 
tion. Neurologic examination provided no evidence 
for a localized lesion in the brain. Neurologic symp- 
toms continued, and the patient spent 5 months in a 
neuropsychiatric hospital because of them. A diet low 
in protein was recommended but we were unable to 
determine the degree to which it was followed because 
the patient was no longer under our care. Tests of 
liver function showed little change as compared with 
those obtained preoperatively (Table VI). 

The patient died 26 months after operation as a 
result of cerebral injuries sustained in a fall. 
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Case 3. A man, 47 years of age, who had cirrhosis 
gave a history of alcoholism and of having had hema- 
temesis and melena on 2 occasions during the year 
prior to admission to the clinic. End-to-side porta- 
caval anastomosis was performed. Three weeks after 
operation he was readmitted to the hospital because of 
anorexia and weakness. Depression, somnolence, and 
mental confusion appeared, became more intense, and 
culminated after 2 weeks in an episode of coma diffi- 
cult to distinguish from that of hepatic insufficiency. 
Two days later the patient became responsive again. 
A diet containing only 40 grams of protein daily was 
used. Gradual improvement occurred until the patient 
appeared asymptomatic and was dismissed 2 weeks 
later. Six months later, it was learned from the pa- 
tient’s home physician in another country that epi- 
sodes of coma and mental confusion, drowsiness, 
amnesia, slurring of speech, and tremor of the hands 
have continued. We are unable to determine whether 
the diet low in protein has been continued. 

Case 4. A woman, 25 years of age, had cirrhosis 
which followed hepatitis. She had undergone splenec- 
tomy 8 years previously because of 2 episodes of bleed- 
ing from esophageal varices. Several episodes of bleed- 
ing followed in the next 8 years and culminated in a 
massive hemorrhage. An end-to-side portacaval shunt 
was made. Five months later 2 transitory episodes of 
alteration of consciousness which were in many ways 
similar to those seen in petit mal occurred on a single 
day. Tremors and ataxia were absent. The patient was 
re-evaluated 8 months after operation, at which time 
she looked well. Neurologic examination was negative 
and an electroencephalogram disclosed no specific 
abnormalities. Hepatocellular function, as judged by 
liver function tests, had deteriorated slightly (Table 
VI). 

Twelve months following the first attack the patient 
had a second episode of altered consciousness which 
again resembled petit mal; during this episode she 
drove her car off the road and through a fence. Con- 
sciousness returned a few minutes thereafter. There is 
no record of any convulsion having been present but 
the patient was alone at the time. More recently there 
has been deterioration of this patient’s hepatic func- 
tion without further evidence of neurologic symptoms. 

Case 5. A man, aged 43 years, had cirrhosis for 
which no certainly etiologic factors could be obtained. 
A moderate degree of ascites and swelling of the ankles’ 
developed 6 months preoperatively and was followed 
by bleeding from esophageal varices. The ascites re- 
sponded to medical management. An end-to-side por- 
tacaval shunt was made. The patient’s general condi- 
tion remained unchanged in that easy fatigability and 
slight edema of the ankles persisted. Ascites was not 
demonstrable clinically. One year after operation 
neurologic symptoms appeared for 2 days. These con- 
sisted of jerking ataxic movements and a feeling 
described as great nervousness. There was no coma. 
This isolated episode was not repeated during the fol- 








lowing 2 years and because of this a diet low in protein 
has not been prescribed. Tests show considerable im- 
pairment of liver function (Table VI). 

Case 6. A girl, aged 15 years, had experienced 
several episodes of jaundice beginning at the age of 11 
and was considered to have postnecrotic cirrhosis of the 
liver. An episode of hematemesis and melena occurred 
and the value for hemoglobin was 5 grams per 100 
milliliters of blood. An end-to-side portacaval shunt 
was established. The patient recovered promptly from 
the operation. Four weeks later she became listless, 
had a coarse tremor of the hands, was mentally con- 
fused, and did not speak clearly. These symptoms per- 
sisted for 3 days, then disappeared. They have not 
recurred during the ensuing 18 months, although no 
attention has been paid to limiting the intake of pro- 
tein. 


Portal thrombosis following portacaval anasto- 
mosis. Widespread thrombosis in the portal 
venous system can develop after operation 
and was the primary cause of death in the 
single patient in the present series who died 
after splenorenal anastomosis. Summary of 
another case is illuminating in this regard: 


Case 7. The patient was a man, 22 years of age. 
Intrahepatic portal obstruction was diagnosed from 
the portal venographic study, but results of liver 
function tests were normal and gross inspection and 
biopsy of the organ at the time of laparotomy did not 
disclose cirrhosis. Splenectomy and splenorenal anas- 
tomosis were performed because of portal hyperten- 
sion, congestive splenomegaly, and bleeding from 
esophageal varices. Ten days after operation progres- 
sive anorexia and pain in the lumbar region followed 
by diarrhea developed. The pain in the back became 
excruciating. An excretory urogram disclosed normal 
renal function bilaterally from which it was assumed 
that if portal thrombosis were present it had not come 
to occlude the renal vein via the shunt. Exploratory 
laparotomy was performed on the nineteenth day after 
operation and 1,500 cubic centimeters of ascitic fluid 
was removed from the abdomen. The upper two-thirds 
of the small intestine appeared edematous and dusky 
but was viable; the lower third appeared normal. A 
diagnosis of thrombosing process in the portal venous 
system was made, the abdomen was closed, and the 
patient was given 50 milligrams of heparin intra- 
venously every 4 hours. A splanchnic block was per- 
formed for relief of pain. Improvement was dramatic. 
Pain disappeared and appetite returned. Administra- 
tion of heparin was discontinued after 5 days and the 
patient recovered. 


The diagnosis of acute and progressive 


thrombosis in part of the portal system is 
difficult to make with certainty during life. 
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TABLE VI.—RESULTS OF TESTS OF LIVER FUNCTION IN CASES 2, 4, AND 5 











Case 2. (a8 4m Case 5. 
After 
Before 7 yr. after Before 8 mos. after Before ——operation___ 
Test operation operation operation operation operation I1mos 2 yrs. 
Serum bilirubin, mgm. per 100 ml. 

MS. Ni Rud dio OO Ae CRORES oe ews CaS 0 0 0 0 0 0 0 

PERS ono Cacies Sey R Landen sete enneenes 0.5 1.16 5 2.1 1.4 2.7 2.1 
Sulfobromophthalein retained after 1 hr., 

PEP CONE. cc ceccsccecnsrrerscvesesccceces 10 14 8 18 16 36 26 
Prothrombin time, seconds................05- 19 22 19 20 24 21 23 
Serum protein, gm. per 100 ml................ tal 6.5 6.1 5.8 6.1 6.0 5.6 

Ree era Cre rer merrier rer 3.9 3.7 3.8 3.4 3.7 3.0 3.2 

RRM iesca ce cawecvaeneecn me weemcsanees 3.2 2.8 2.3 2.4 2.4 3.0 2.4 
Hemoglobin, gm. per 100 ml...............45- 10.5 14.1 _ _— 12.6 12.2 12.7 
Cephalin-cholesterol flocculation, grade........ — — 1+ 0 4+ a 2+ 


The operative finding together with the 
response to heparin seemed to establish it 
in this case. We have suspected this con- 
dition on clinical grounds alone following 
the shunting operations in 3 more patients, 
have treated them with heparin, and have 
sen remarkable improvement within 48 
hours in 1, significant improvement in a 
second, and an equivocal response in a third. 

As a result of these experiences we stand 
ready to administer heparin after venous 
shunting operations to patients who have 
persistent anorexia, abdominal pain which 
can be vague or severe, slight distention 
of the abdomen, and sometimes fever. If 
the symptom complex is due to incipient 
portal thrombosis, we believe the process 
may be arrested by this medication. 


PORTACAVAL SHUNTS FOR EXTRAHEPATIC POR- 
fAL OBSTRUCTION 


When obstruction exists in the extra- 
hepatic part of the portal system, it usually 
involves the portal vein itself and sometimes 
the splenic vein as well. Isolated thrombosis 
of the splenic vein has been reported and 
we have encountered 1 such patient since 
the present series was studied. Develop- 
ment of techniques for portal venography 
has rendered diagnosis more accurate than 
it was in the past. 

Between 1951 and 1955, we encountered 
13 patients with extrahepatic portal ob- 


struction whose spleens had not been re- 
moved previously. Six of these were small 
children from 2 to 6 years of age, 1 was a 
larger child 12 years of age, and the re- 
mainder were adults. 

Three of the adults were found to have 
thrombosis of the splenic vein which pre- 
cluded splenorenal anastomosis and in these 
splenectomy alone was performed. One of 
these has bled several times since operation, 
1 had no further bleeding and died from 
coronary occlusion 1 year later, and 1 has 
not bled in the 4 years since splenectomy. 

Splenectomy with end-to-side splenorenal 
anastomosis was performed in 8 cases. Four 
of these operations were on children 4 to 
6 years of age in whom the splenic veins 
measured approximately 5 millimeters in 
diameter. All of these bled subsequently and 
all later underwent transesophageal ligation 
of varices. Four splenorenal shunts were 
established in patients whose splenic veins 
proved to be 1 centimeter or more in diam- 
eter; 1 of these had a single minor hemor- 
rhage subsequently. 

Because of the poor results following sple- 
norenal shunting in small children in whom 
the anastomoses were necessarily tiny and 
probably became thrombosed, 2 children 
whose symptoms were severe enough so that 
we felt obliged to intervene were subjected 
to splenectomy alone. Both have bled sub- 
sequently on many occasions, 
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‘There were no postoperative deaths in 
the 13 cases. 


COMMENT 


Hospital mortality. The hospital mortality 
rate after direct portacaval anastomosis in 
our series was 20.7 per cent; after splenorenal 
shunts, 5.6 per cent. Without interpretation, 
these figures suggest that splenorenal shunt 
carried a much lower mortality rate than 
portacaval shunt. Linton (18) considered 
this to be the case; doubtless this opinion is a 
factor in his choice of splenorenal anastomo- 
sis as the procedure of choice for the majority 
of patients with cirrhosis for whom shunting 
is indicated. Blakemore (3) reported almost 
identical postoperative mortality rates for 
direct portacaval and splenorenal anasto- 
moses in patients with cirrhosis of the liver. 
It is true that the liver is handled and trau- 
matized more when a portacaval shunt is 
made than when a splenorenal shunt is 
made. Unless a splenorenal shunt were so 
effective that portal blood no longer entered 
the liver or that blood even flowed from the 
liver into the portal system, one would ex- 
pect the total hepatic blood flow to be di- 
minished more by an end-to-side portacaval 
shunt than by a splenorenal shunt. How- 
ever, the operative mortality rate for pa- 
tients with cirrhosis is also greatly influenced 
by the selection of patients for operation, 
as mortality is high among those whose 
hepatic function is greatly impaired. Study 
of our data has indicated that we have sub- 
jected more patients in whom the risk of 
operation was considered to be unusually 
high to portacaval than tosplenorenal shunts. 
Though end-to-side portacaval shunts may 
be followed by a higher postoperative mor- 
tality rate than splenorenal shunts, we doubt 
that the difference is as great as our figures 
would indicate if considered without inter- 
pretation. 

Our data indicated that postoperative 
mortality was increased when the retention 
of sulfobromophthalein after 1 hour ex- 
ceeded 24 per cent, when the concentration 
of serum bilirubin was above normal and 





when the concentration of serum albumin 
was between 3.0 and 3.5 grams per 100 
milliliters. Others, notably Linton (16) and 
Blakemore (3), have made similar com- 
parisons in series of patients in whom the 
range of variance of these tests was wider 
and obtained more striking correlations. Be- 
cause we took their data into account and 
followed Linton’s criteria for selection of 
patients for operation, we operated on few 
patients who had as severe hepatic decom- 
pensation as some of Linton’s and Blake- 
more’s earlier patients had. Because the 
“spectrum” represented by our data is nar- 
rower than theirs, the differences in mor- 
tality rates when grouped according to re- 
sults of preoperative hepatic function tests 
are less striking than those they observed. 
For example, their series contained several 
patients with chronic ascites and with values 
of serum albumin less than 3 grams per 
100 milliliters. We operated on only 1 pa- 
tient with chronic ascites and none with a 
serum albumin level of less than 3 grams 
per 100 milliliters. 

Cirrhosis and survival. As a result of studies 
by Ratnoff and Patek, Douglass and Snell, 
Shull, and Nachlas and associates, it is com- 
monly stated that from 50 to 80 per cent of 
patients with cirrhosis die within a year 
after the first hemorrhage from varices. 
These observations have comforted those 
who perform hazardous operations on cir- 
rhotic patients in an effort to prevent bleed- 
ing. In all such series some patients do not 
die within a year after their first hemorrhage 
and continue to live for many years, perhaps 
having occasional episodes of bleeding. It is 
reasonable to infer that many of those who 
die with the first hemorrhage or soon after 
it have more seriously damaged livers than 
those who live despite bleeding. Patients 
who undergo portacaval shunting operations 
are highly selected so that those with liver 
disease so advanced that they would be un- 
likely to survive operation are excluded. As 
Child has so aptly pointed out, groups of 
unselected patients used to study the natural 
history of cirrhosis are not similar to groups 
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of patients with cirrhosis selected for porta- 
caval shunting and cannot be used as a 
standard against which to measure the ef- 
fectiveness of portacaval shunts in prolong- 
ing the life of the cirrhotic. Thus far, no 
data are available concerning the fate of 
patients who have cirrhosis, have bled, have 
hepatic function adequate to permit shunt- 
ing, but have not undergone operation. Ad- 
mitting that a final answer to the question 
of the effect of portal decompression on 
longevity in patients with cirrhosis is not at 
hand, we can say that it is probable that 
some of the patients operated on fall into 
the group which would have survived several 
years without operation and others fall into 
the group which otherwise would have died 
of hemorrhage. Since the future cannot be 
predicted accurately for a given patient who 
has bled from varices, we plan to continue 
advising portal decompression for those 
whose hepatic function is adjudged adequate 
so that they can withstand operation. 

Effectiveness of portal decompression in pre- 
vention of bleeding. Several have questioned 
whether portal decompression can prevent 
bleeding from varices. Experience with sev- 
eral patients who have required as many as 
50 blood transfusions during several months 
preceding operation and who have had no 
bleeding for 2 or 3 years after operation 
has convinced us that the procedure can be 
effective. Protection is not absolute, how- 
ever. The history of 1 of our patients, who 
was subsequently operated on and whose 
case was reported by Cohn (7), demonstrates 
clearly that bleeding from varices can occur 
despite the presence of a functioning end-to- 
side portacaval shunt. Three years after the 
shunt was established because of bleeding 
from varices resulting from postnecrotic cir- 
thosis of the liver, massive hematemesis and 
melena developed. Cohn sutured a bleeding 
varix in the upper part of the stomach. He 
measured the portal pressure at the time and 
found it to be only 20 centimeters of water. 
The child died of hepatic failure 4 months 
later. Necropsy revealed that the shunt was 
patent. 
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Although Child has reported the enviable 
record of no bleeding among 48 patients 
for periods of 1 month to 4 years after direct 
portacaval anastomosis, most surgeons have 
recorded recurrence of bleeding in some of 
their patients. Linton (18) reported recur- 
rent bleeding in 14.7 per cent of 60 patients 
after splenorenal shunts had been established 
and in 11 per cent of 18 patients after direct 
portacaval shunts. Blakemore (3) stated that 
12.5 per cent of 32 patients bled after spleno- 
renal anastomosis performed for intrahepatic 
portal obstruction whereas 6.6 per cent of 
45 patients bled after direct portacaval anas- 
tomosis. Jahnke’s figures were 20 per cent 
and 4.5 per cent respectively. In our series, 
23.5 per cent of 17 patients with liver disease 
bled again after splenorenal anastomoses and 
21.7 per cent of 23 patients had bleeding 
after portacaval anastomoses. In general, 
relatively minor hemorrhages have been 
commoner than massive bleeding. As Palmer 
and Brick have pointed out, bleeding in 
cirrhotic patients may arise from causes other 
than esophagogastric varices, and in 2 of our 
patients all evidence indicated it was from 
coexisting duodenal ulcer. 

Like others, we found that the majority 
of patients who had bled from esophageal 
varices had portal pressures of 30 centi- 
meters or more of water when measurements 
were made at the time of laparotomy. End- 
to-side portacaval anastomosis was followed 
by an immediate fall in portal pressure which 
averaged 20 centimeters of water. In our 
hands, splenorenal shunts have been less 
effective in reducing portal pressure, the 
average reduction in 8 patients being only 
6 centimeters of water. Furthermore, it has 
been more difficult for us to obtain large 
well placed splenorenal anastomoses as con- 
sistently as direct portacaval anastomoses. 
When portal venography has demonstrated 
that the portal vein is not thrombosed, that 
vein is usually large and sturdy. Splenic 
veins, however, vary considerably in size, 
typically have fragile walls, and may be dif- 
ficult to dissect from the tail of the pancreas. 
In our experience, direct portacaval anas- 
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tomosis is easier than splenorenal anastomo- 
sis to perform. As one of us (G. A. H., 10) 
has stated elsewhere, these considerations 
led us to regard the end-to-side portacaval 
anastomosis as the better procedure when 
it can be done. 

Neurologic complications. ‘The occurrence of 
serious neurologic complications in 3 (13 
per cent) of 23 patients with end-to-side 
portacaval shunts, however, invited us to 
re-evaluate this position. Because these 
symptoms sometimes occur in patients with 
cirrhosis of the liver who have had no oper- 
ations, it follows that they could appear also 
after splenorenal shunts. Indeed, 1 such case 
has been reported by McDermott, Adams, 
and Riddell. Still, the fact that neurologic 
symptoms did not develop in any of our 
patients with splenorenal shunts suggests 
that the syndrome is less likely to occur 
after splenorenal anastomosis than after 
establishment of an Eck fistula. The number 
of patients in both of our groups is much too 
small to permit us to generalize in this way 
or to make definitive statements concerning 
the incidence of the disorder after the opera- 
tion establishing an Eck fistula. 

Child, in a personal communication, esti- 
mated the incidence of neurologic symptoms 
in his large series of patients with end-to-side 
portacaval anastomosis ds similar to ours. 
Blakemore (4) recalled transitory periods of 
dizziness with some twitching of the hands 
and fingers that developed after shunts had 
been established in only 4 of 186 patients 
with cirrhosis and added that these patients 
did not lose consciousness. Linton (17) 
stated that neurologic symptoms appeared in 
‘‘relatively few’ of more than 100 cases in 
which portacaval shunts had been estab- 
lished, and that these symptoms occurred 
more frequently after direct portacaval than 
splenorenal anastomosis. As others have 
pointed out, these neurologic symptoms can 
be minimized or sometimes abolished by use 
of a diet providing only 20 to 50 grams of 
protein daily. 

If one accepts as a working hypothesis 
the idea that neurologic symptoms are more 


likely to occur after end-to-side portacaval 
than after splenorenal anastomosis, he must 
take this into account in determining the 
procedure to be done. Though we believe 
that a direct portacaval shunt provides better 
decompression of the portal system than does 
a splenorenal shunt, we have been suffi- 
ciently impressed with the control of bleeding 
after splenorenal shunt in many of our pa- 
tients and especially in those of Linton that 
we are prepared to utilize this operation 
more than we did a year or so ago. Our in- 
cidence of recurrent bleeding after spleno- 
renal shunt was too high to be acceptable, 
but study of these cases has indicated that 
bleeding occurred principally in cases in 
which anastomosis was not entirely satis- 
factory, usually because the splenic vein was 
too small. At present, we are estimating the 
size of the splenic vein with the aid of splenic 
portography and electing splenorenal anas- 
tomosis when the vein is large. 

Extrahepatic obstruction. The surgical treat- 
ment for patients with extrahepatic portal 
obstruction, splenomegaly, and _ bleeding 
from esophageal varices is well established. 
Splenectomy as the sole procedure is fol- 
lowed by recurrence of bleeding in at least 
half the cases. Because the disease itself usu- 
ally makes satisfactory direct portacaval 
anastomosis impossible and because splenec- 
tomy precludes subsequent splenorenal anas- 
tomosis, construction of a splenorenal shunt 
at the time of splenectomy, if at all possible, 
is of the greatest importance when extra- 
hepatic portal obstruction is present. Addi- 
tion of a venous shunt to the operation does 
not increase the risk when the liver is normal. 

The diagnosis of extrahepatic portal ob- 
struction is not always obvious at the time of 
laparotomy. The commonly held view that 
all such patients have grossly distended 
tortuous intra-abdominal veins is wrong. We 
have encountered patients who had been 
considered to have no portal hypertension 
at the time of previous operation, usually 
splenectomy, but who were proved to have 
extrahepatic portal obstruction with portal 
hypertension when a portal venogram was 
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made and portal pressures were measured. 
Furthermore, splenomegaly may be noted in 
some patients with extrahepatic portal ob- 
struction before gross bleeding has occurred. 

Splenectomy, performed for a condition 
such as splenic anemia, can be followed by 
bleeding from esophageal varices. If the 
surgeon is to take all steps possible to prevent 
postsplenectomy bleeding in such cases, he 
must appraise the portal system accurately 
with the aid of portal venography and 
measurement of portal pressure whenever he 
contemplates performing splenectomy unless 
the underlying disease clearly does not in- 
volve portal obstruction. It is our practice to 
obtain a splenic portogram after the patient 
has been anesthetized immediately before an 
incision is made. The technique of injecting 
from 25 to 50 milliliters of a radiopaque sub- 
stance percutaneously into the spleen 
through the tenth intercostal space and of 
taking a plain roentgenogram as the last of 
the material is injected is simple and has 
been described by us (11) and many others. 
Atkinson and Sherlock have described a 
technique by which portal pressure is esti- 
mated by measuring intrasplenic pressure at 
the time the splenic portogram is made. 
These workers perform both procedures 
under local anesthesia. We have had no ex- 
perience with this method but have meas- 
ured portal pressure with a water manometer 
after the abdomen has been opened. The 
importance of adjusting the zero mark to the 
level of the portal vein has been justly em- 
phasized by Taylor and Egbert. 

For small children an exception to the 
general rule that splenectomy with spleno- 
renal anastomosis is the treatment of choice 
for extrahepatic portal obstruction seems 
necessary. This belief is based on the ob- 
servation that in children up to 6 years of age 
and perhaps even older, the splenic vein is 
usually small enough that splenorenal shunts 
are inadequate and tend to become throm- 
bosed. Our poor results with 4 such children 
have been described. Transesophageal liga- 
tion of varices in 5 such children has pro- 
duced remissions which are still in effect 


after 8 to 28 months. Our present plan for 
these small children is to obtain accurate di- 
agnosis by splenic portography and to em- 
ploy transesophageal ligation of varices as a 
primary procedure in the hope of obtaining 
a significant remission of symptoms. With 
the passage of the years and enlargement of 
the splenic vein, which one can legitimately 
expect to occur, an effective splenorenal 
shunt may be possible later. 

Our experience with treatment of recur- 
rent bleeding after splenectomy in cases of 
extrahepatic portal obstruction has been re- 
corded elsewhere (12). 


SUMMARY AND CONCLUSIONS 


Our experience up to January 1, 1955, in 
the use of shunts between the portal and 
caval venous systems in the treatment of por- 
tal hypertension with bleeding from esoph- 
ageal varices has consisted of 55 cases. 

Forty-seven patients had intrahepatic por- 
tal obstruction caused in all but 4 instances 
by cirrhosis of the liver. Thus far, we have 
utilized these operations almost entirely for 
patients who have bled from varices and who 
have not had chronic intractable ascites. In 
selecting patients for operation we used 
criteria suggested by Linton and by Blake- 
more. The evidence indicates that although 
large well placed portacaval or splenorenal 
anastomoses do not provide absolute pro- 
tection against subsequent gastrointestinal 
bleeding, they are effective in most instances. 
The effect of portacaval shunt on survival of 
patients with cirrhosis of the liver who have 
bled from esophageal varices cannot be as- 
sessed at present due to lack of suitable con- 
trols. Survival rates are greatly superior to 
those of unselected patients with cirrhosis 
who have bled, many of whom have impair- 
ment of hepatic function which is too great 
to permit operation. The serious neurologic 
symptoms which followed end-to-side porta- 
caval anastomosis in 3 patients and the 
transient symptoms which occurred in 3 
others in our series were described in some 
detail. Although the factor of chance may 
account for the greater incidence of neuro- 
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logic symptoms among our patients than 
that reported by others, our experience has 
prompted us to utilize splenectomy and 
splenorenal shunt when splenic portograms 
indicate that the splenic vein is large. 

Thirteen patients were seen who had ex- 
trahepatic portal obstruction and who had 
not undergone splenectomy previously. In 
general, when the splenic vein is patent in 
these patients splenectomy with end-to-side 
splenorenal anastomosis is considered the 
operation of choice. Unsatisfactory results in 
4 children, aged 4 to 6 years, have led us to 
consider them an exception to this rule. 
Splenic veins in small children with this 
disease are usually small. We have assumed 
that this is the reason splenorenal shunts 
failed to control bleeding in these children. 
At present we are performing transesopha- 
geal ligation of varices in these children, hop- 
ing to obtain remissions from bleeding for 
enough years so that the children can grow 
larger and become better subjects for spleno- 
renal anastomosis. 
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LONG TERM ANTICOAGULANT THERAPY 


JOHN H. OLWIN, M.D., F.A.C.S., and OGLESBY PAUL, M.D., Chicago, Illinois 


THE MORTALITY, morbidity, and economic 
loss from thromboembolism stand foremost 
among medical problems today. The basic 
etiology of diseases characterized by throm- 
boembolic events is little understood. Among 
the few therapeutic additions to the field 
since the turn of the century, anticoagulant 
drugs stand out in importance. Since their 
introduction they have been the center of 
great controversy, their effectiveness chal- 
lenged by some authorities, their danger 
emphasized by others. The necessity for rigid 
control of their administration is recognized 
by both critic and champion, and it appears 
likely that the extremes of opinion may 
eventually be resolved about this point as in- 
creasing simplicity and accuracy of such con- 
trol make them more universally available. 

The fundamental principle of anticoagu- 
lant therapy is a cautious interference with 
the coagulation mechanism. Until recently 
the favorable effects were considered to be: 
(1) the prevention of the formation of a 
thrombus or (2) a limitation of its extension 
once it was formed. This second effect not 
only serves to prevent the development of 
new friable clot easily dislodged and broken 
off as embolic fragments, but also permits 
organization and fixation and resolution of 
existing thrombi. The recent important work 
of Wright and her associates demonstrates 
a third effect, namely, the recanalizing in- 
fluence of at least one of the prothrombin 
depressants. These three influences then con- 
stitute the basic rationale for the use of 
anticoagulant drugs. 

The active treatment with anticoagulants 
of patients with various thromboembolic 
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conditions is employed in most hospitals. 
Because of the fear of hemorrhage many 
physicians hesitate to use them on an out- 
patient basis. Some conditions, however, re- 
quire extended treatment, notably migra- 
tory thrombophlebitis and recurrent arterial 
embolism. Others, such as coronary artery 
disease and retinal vein thrombosis, have 
been reported to be favorably influenced 
by extended therapy. 

The rationale of the long term use of 
anticoagulants in patients with coronary 
heart disease should be presented briefly. 
Atherosclerosis of the coronary vessels is 
still a disease of unknown origin, although 
there are many clews as to factors important 
in its etiology. ‘There can be, therefore, no 
specific treatment to prevent the develop- 
ment of atherosclerotic changes in the coro- 
nary arterial wall. It is, however, significant 
that myocardial infarction as a complication 
of coronary disease is almost always—some 
say always—due to a thrombotic occlusion 
at the site of local plaque formation, that 
when mere narrowing of the coronary arte- 
rial tree takes place gradually without throm- 
botic occlusion there develops a compensa- 
tory collateral circulation allowing adequate 
myocardial oxygenation, and that in the ex- 
perimental animal coronary and other ather- 
osclerotic lesions may be produced but a 
thrombotic occlusion has never been seen to 
develop. It is therefore reasonable to try to 
modify the course of coronary disease in man 
by attempting with the use of anticoagulants 
to prevent thrombotic coronary arterial 
occlusions. Even though coronary athero- 
sclerosis may proceed unchanged, actual 
myocardial infarction may theoretically be 
prevented and opportunity be provided for 
optimal growth of collateral channels. 

It is the purpose of this article to report 
experience with 70 patients who received 
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TABLE I.—DURATION OF TREATMENT 
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continuous therapy with anticoagulant drugs 
for periods varying from 6 months to more 
than 8 years and to offer comments on 
various phases of the experience. 


SELECTION OF CASES 


Of the 70 patients whose records have 
been included in this report, only those pa- 
tients who have received a minimum of 6 
months uninterrupted treatment with an 
anticoagulant drug are included. Likewise, 
only those patients are included whose 
prothrombin levels during the total period 
of treatment averaged less than 30 per cent, 
as determined by the two stage method. 
These criteria necessitated the exclusion of 
many patients who for a number of reasons 
were uncontrolled over extended periods of 
time. As will be emphasized later, such 
periods of ‘‘escape” are considered an im- 
portant factor in the failure of anticoagulant 
therapy in many instances. The series in 
other respects is unselected, and included all 
patients receiving long term anticoagulant 
therapy whose prothrombin determinations 
were done in the coagulation laboratory of 
Presbyterian-St. Luke’s Hospital, Chicago. 


TABLE II.—DRUGS ADMINISTERED 


Drugs administered No. of cases 
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DURATION OF TREATMENT 


The data regarding the duration of treat- 
ment are listed in Table I. It will be seen 
that 50 of the 70 patients have received anti- 
coagulant drugs for over 1 year, and 21 for 
more than 3 years. The longest period is 9 
years. 


DRUGS AND DOSAGE 


As indicated in Table II, several long- 
acting anticoagulant drugs have been em- 
ployed in this series. In many instances, the 
first few days of anticoagulant therapy rep- 
resented the combined effects of a short- 
acting preparation (heparin) and a long- 
acting drug. Once prothrombin levels had 
been satisfactorily depressed by the latter, 
heparin was discontinued. No patient re- 
ceived long term heparin treatment. As 
new anticoagulant compounds appeared, 
changes in the choice of drugs were fre- 
quently made in order to assess their efficacy 
by clinical trial. ‘The preparations receiving 
the widest use were dicumarol, phenyl- 
indanedione, and dipaxin. In no case were 
two long-acting anticoagulants given simul- 
taneously for long term control. 

The dose of any anticoagulant drug em- 
ployed in this series was an individual mat- 
ter, entirely dependent on the response of 
the patient. For example, average daily doses 
of dicumarol ranged from 25 to 87.5 milli- 
grams, of phenylindanedione from 25 to 
125 milligrams, and of dipaxin from 2.5 to 
7.5 milligrams. 


TECHNIQUES OF ADMINISTRATION 


The technique of administration is con- 
sidered of the utmost importance in the 
effectiveness and safety of the drugs. The 
decision as to whether to use an oral pro- 
thrombin depressant alone or to use it in 
conjunction with heparin will depend on the 
type and character of the disease which is 
under treatment. When conditions require 
emergency control, heparin must be given 
since all prothrombin depressants are char- 
acterized by varying periods of delay in pro- 
ducing adequate therapeutic effects. 
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When heparin is indicated, it has been 
our practice to administer it intravenously 
since by this route (1) its effect is more 
promptly obtained, (2) its influence on the 
clotting mechanism can be more accurately 
controlled, (3) it is more rapidly excreted, 
and (4) although heparin interferes with the 
conversion of prothrombin to thrombin and 
definitely influences the prothrombin assay, 
when used intravenously in conjunction with 
the prothrombin depressants it does not 
interfere with their control, provided that 
blood drawn for the estimation of pro- 
thrombin depressant effect is taken a mini- 
mum of 6 hours following the last dose of 
heparin. 

When the patient is first seen a blood 
sample is drawn for the prothrombin deter- 
mination. At the same time, if heparin is to 
be given, a coagulation time is done and if 
normal, an initial 50 milligram dose of 
heparin is injected intravenously and 15 to 
30 minutes later another coagulation time 
istaken. In general, a doubling of the control 
time at 15 to 30 minutes is sought and sub- 
sequent heparin doses are adjusted to achieve 
this effect. The adjusted dose is repeated 
every 4 hours until the prothrombin level has 
been reduced by oral drugs to between 20 
and 30 per cent of normal. 

As soon as the original prothrombin read- 
ing is known, the prothrombin depressant 
isstarted. The dose of this drug is guided by 
daily prothrombin levels until the thera- 
peutic range is reached and determinations 
are gradually spaced at increasing intervals 
until they are performed every 2 weeks. The 
interval is usually not extended beyond this. 
Itis true that the prothrombin levels of many 
patients will remain stabilized over periods 
of months but they may suddenly vary for 
no apparent reason, and in a period of more 
than 2 weeks this variation may compound 
itself to a serious bleeding level on the one 
hand or to an even more dangerous clotting 
level on the other. It, of course, may be 
necessary to obtain more frequent deter- 
minations if the level fluctuates beyond the 
therapeutic limits. Especially during the 
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TABLE III.—INDICATIONS FOR USE OF LONG 
TERM ANTICOAGULANTS 
Diagnoses No. of cases 
RGOUMIANINEINIMNE co, dé ses ceoscecccauaeeuees 17 
WUNtEn CONSE AN CNRCNMUOME Ls 6.6 6 ocd cacclescecaccaceces 1 
With pulmonary emboliam. . ........ 2... .cccccecceese 1 
IND oo. sao eon h Kewne GH aeei eelganat dew 
Lower extremities, recurrent... .... 2600s ccc ceccccecs 12 
EAWNGE CRONIN MOONE Sooo nk v0 bik Kas isin eeccowsns 4 
Upper extremity, recurrent... 66.00 cc ccc cccsicosccces 1 
Upper and lower extremities, recurrent.............. 1 
Lower extremity, acute, and cerebral thrombosis. ..... 1 
Retinal vein occlusion or threatened occlusion.......... 14 
Embolism from the heart to the systemic arterial 
GUNMEN Checie a pennescncasenenedandandiedda wads 10 
Arteriosclerosis, lower extremities...................005 4 
RG SUINON 6 ooo. 5c caacncedanchovaetenees 1 
CRVOTHAN ONIN oan icv ccesenenstexedawscaeeass 1 
PUMPONARD CURENUMINE Gc 06a cs 6cedacsmetcaeseseneneaes 2 
MOS ise Vocickesee lates ewaseedredrcenennuatwens 70 


early stages of therapy, the prothrombin may 
rise above the upper limit of the control 
bracket. Until it is again brought within that 
bracket supplemental heparin should be 
given. 

In this series the two stage assay was 
routinely used to control the prothrombin 
levels. ‘The advantages and disadvantages 
of the various prothrombin methods have 
been presented elsewhere (1) and further 
discussion of this problem is beyond the 
scope of this article. ‘The availability of both 
assays provides a high degree of accuracy 
and safety in the control of prothrombin 
depressants. 

Once their prothrombin levels are con- 
trolled, patients are allowed to travel at 
will. Special printed instructions are pro- 
vided the patient who leaves the city to 
guide him and any physician who may at- 
tend him in an emergency, and he is given 
special tubes and mailing cartons for the 
periodic return of his blood to the labora- 
tory. It travels well by air, even from foreign 
countries and except in extremely hot 
weather the two stage results are little 
changed in travel of the sample over a 
period of 48 hours. 


INDICATIONS AND CONTRAINDICATIONS 


The indications for the use of long term 
anticoagulants in the 70 cases in this series 
are listed in Table III. It will be noted that 
19 patients had coronary heart disease alone 
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or in combination with other thrombotic 
processes, 19 had thrombophlebitis, 14 had 
retinal vein occlusions, and in 10 instances 
there had been embolism to .the systemic 
arterial circulation (8 of these had rheumatic 
heart disease with atrial fibrillation). 

The contraindications to anticoagulant 
therapy respected by us and our associates 
are blood diseases with bleeding tendencies, 
severe hepatic disease, and severe renal dis- 
ease. The presence of an active gastric or 
duodenal ulcer is also a contraindication, 
and a history of an ulcer a relative—al- 
though not an absolute—contraindication. 


AGE AND SEX 


The youngest patient in the group was 19 
years of age when treatment was instituted 
and the oldest was 82. There were 4 pa- 
tients in the third decade, 5 in the fourth 
decade, 4 in the fifth decade, 21 in the sixth 
decade, 20 in the seventh decade, and 14 in 
the eighth decade. 

Forty of the patients were males and 30 
were females. 


FACTORS INFLUENCING CONTROL 


Factors influencing the control of anti- 
coagulants can be grouped under the fol- 
lowing headings: (1) the physical status, 
intelligence, and co-operation of the patient; 
(2) the laboratory methods of control; (3) 
the properties and characteristics of the 
various anticoagulants; (4) other drugs and 
agents administered during anticoagulant 
therapy; and (5) the experience of the at- 
tending physician with anticoagulant ther- 
apy. 

The patient is an important influence on 
the control of his therapy. The rigidity with 
which he follows his instructions both as to 
dosage of the drug and regular return to the 
laboratory is most important. A good nutri- 
tional state and a relatively normal liver 
function are necessary. In this latter con- 
nection it is preferable that the patient ab- 
stain from alcoholic beverages while receiv- 
ing anticoagulant drugs. We have observed 
that alcohol definitely influences the toler- 


ance of the patient to the drugs, at times 
apparently stimulating prothrombin pro- 
duction. Patients who desire small amounts 
of alcohol are urged to take the same por- 
tions daily and on such a routine can be 
regulated satisfactorily. Further thrombo- 
embolic episodes appear in some instances 
to influence the tolerance of a patient to 
anticoagulants. We have seen 2 patients on 
extended anticoagulant therapy whose main- 
tenance doses of anticoagulant drugs rose 
strikingly following pulmonary embolisms 
occurring during transient interruption of 
therapeutic control. 

The methods for controlling the adminis- 
tration of anticoagulants are highly impor- 
tant and as stated earlier, discussion of them 
is not within the scope of this article. How- 
ever, until methods for determining the ef- 
fect of prothrombin depressants have been 
rendered less variable and the more reliable 
ones less involved technically they will be 
the subject of controversy. 

The anticoagulant selected in the indi- 
vidual case will influence the control. Vary- 
ing periods of delay in induction and recov- 
ery characteristic of different drugs make 
for ease or difficulty in the regulation of the 
prothrombin level. Drugs with rapid induc- 
tion and rapid recovery periods such as tro- 
mexan, phenylindanedione, and sintrom 
provide relatively early control and relative 
safety from hemorrhage. It is important that 
these drugs be administered at frequent in- 
tervals (in the case of phenylindanedione 
preferably twice daily) in order to prevent 
periods of ‘“‘escape.”’ The use of drugs with 
short induction and longer recovery periods 
such as dipaxin and coumadin sodium (war- 
farin) obviates this difficulty but places a 
heavier responsibility on the physician to 
be particularly cautious about overdosage. 
Vitamin K-active substances provide ade- 
quate safety in most instances regardless of 
the drug used. 

Drugs other than the anticoagulants, par- 
ticularly the methylxanthines, and, as men- 
tioned, alcohol, will bring about a rise in 
the prothrombin level. We have observed 
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appreciable elevation of prothrombin levels 
by drugs containing caffeine and theophyl- 
line. In our experience digitalis and the 
various penicillin compounds exhibit little 
if any effect on the tolerance of a patient 
to anticoagulants. Since some of the break- 
down products of salicylates are coumarin 
compounds, such drugs must be given cau- 
tiously to patients receiving prothrombin 
depressants. We have observed depression 
of the prothrombin level to the point of 
hematuria in patients on anticoagulant ther- 
apy who took large doses of aspirin during 
upper respiratory infections. 

It goes without saying that the experience 
of the physician with anticoagulant therapy, 
in general, and with the individual drug, 
in particular, is an important factor in the 
proper control of therapy. 

EFFECTIVENESS OF THERAPY 

Recurrent thrombophlebitis is one of the 
more important indications for long term 
anticoagulant therapy, and from the point 
of view of the results obtained it is one of 
the most satisfactory conditions treated. ‘This 
isnot infrequently a disease of young adults 
and may be an important cause of disability 
and economic loss. In our series 14 patients 
received therapy for a total of 367 months, 
with excellent results in 13 of these during 
the period of administration of anticoagu- 
lants. One failure occurred in a man of 26 
years in whom a diagnosis of probable 
Buerger’s disease was later made. ‘There was 
no recurrence after tobacco was stopped. 
In 1 young woman of 19, apparently pro- 
tected during 19 months of therapy, the con- 
dition recurred 3 weeks after therapy was 
stopped. Five months of therapy subse- 
quently have been protective. A young man 
of 28, a carpenter who had had multiple 
recurrences, some of them while on appar- 
ently ineffectively controlled therapy in an- 
other hospital, has had no recurrences in 
344 years of controlled therapy. A 76 year 
old female with thrombophlebitis and post- 
operative pulmonary embolism was free of 
symptoms during 8 months of anticoagulant 
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treatment. However, 3 months after the drug 
had been stopped, another classical episode 
of pulmonary embolism took place, anti- 
coagulant therapy was resumed, and in the 
past 2 years she has had no embolic events. 

Ten patients with atrial fibrillation and 
peripheral arterial embolism received ther- 
apy subsequent to an embolic event for a 
total of 386 months. Six of these patients 
had no symptoms of further emboli during 
treatment. In 1 case there was a probable 
recurrence while the patient’s prothrombin 
level was 37 per cent. She has had no further 
emboli in 17 subsequent months with a pro- 
thrombin maintained between 10 and 20 
per cent. One 83 year old patient had 2 
recurrences (1 requiring surgical removal) 
during 2 ‘“‘escape”’ periods in which her pro- 
thrombin levels rose above the therapeutic 
range indicated in the foregoing. She has had 
none while controlled over a total of 30 sub- 
sequent months. Another patient, 34 years 
of age, had 2 embolic recurrences during 
periods, also when her levels were uncon- 
trolled. The first, to the iliac artery, followed 
1 week after the successful removal of a 
femoral arterial embolus. ‘The prothrombin 
was 67 per cent at the time and supplemental 
heparin had not been given. Successful em- 
bolectomy was again accomplished and im- 
mediate control established. No further em- 
boli occurred until the anticoagulant was 
stopped 39 months later to permit mitral 
commissurotomy. Three days following sur- 
gery while heparin was being administered 
cautiously and inadequately she developed 
a pulmonary embolism—fortunately not fa- 
tal. This patient subsequently developed 
metrorrhagia while on continuous antico- 
agulant therapy, and a carcinoma of the 
body of the uterus was discovered on curet- 
tage. Finally, a 71 year old man with severe 
hypertensive heart disease, atrial fibrillation, 
and an embolism to the left popliteal artery 
died quite suddenly 11 months after begin- 
ning treatment with anticoagulants. The 
cause of his death is not known but the 
gravity of his heart disease would favor a 
primary cardiac basis. 











66 Surgery, Gynecology & Obstetrics - July 1957 


Recurrence was present in 4, in all in- 
stances when the patients’ prothrombin was 
above the 30 per cent level—by design or 
by accident. It is clear that during the pe- 
riods of adequate administration of antico- 
agulants no recurrence of embolism was ob- 
served. The effectiveness of the prophylactic 
treatment of peripheral arterial embolism 
with properly controlled anticoagulants is one 
of the most convincing bits of evidence in 
favor of this type of therapy. 

The indication for anticoagulant therapy 
in peripheral atherosclerosis is not clear. If 
the final occluding factor is a thrombus as 
would seem to be the case in many instances 
and if the potential of this factor can be 
reduced to any degree by anticoagulant ther- 
apy—as at this time seems likely—then it 
would appear to have some rationale. Fur- 
ther considerations are the possible relation 
of clotting to the formation of atheroma, 
and the relation of phospholipids to the clot- 
ting mechanism. ‘The interpretation of the 
results in our series of 4 patients receiving 
treatment over a total of 144 months is dif- 
ficult. All have extensive atherosclerosis, 
clinically, arteriographically, or both. None 
was considered a candidate for grafting pro- 
cedure, 3 had had a sympathectomy, and 
1 had trophic changes. Since anticoagulants 
were started all have engaged in their usual 
activities, and there have been no clinical 
or anatomic evidences indicating a progres- 
sion of arterial insufficiency. A-longer period 
of time and a much larger number of cases 
will be required before conclusions can be 
drawn as to the effectiveness of this type of 
therapy in atherosclerosis. 

Eight patients with 1, and 9 with 2 or 
more myocardial infarcts are included in 
this series, as well as 1 patient with myo- 
cardial infarction and cerebral thrombosis 
and 1 with myocardial infarction and pul- 
monary embolism. Twelve patients have 
done well with an average follow-up period 
of 32 months and are continuing treatment. 
It is possibly significant that angina pectoris 
has lessened to a striking degree in 4 of these. 
One patient died several months after he 


had moved away and had stopped ireat- 
ment, and another died in heart failure after 
7 months of therapy. Another 74 yeur old 
patient with a history and postmorteri: evi- 
dence of 3 myocardial infarcts died of |acte- 
rial endocarditis with associated cardiac fail- 
ure after 4% years of treatment, during 
which no further infarcts had occurred. Four 
of the 19 patients constituted true failures. 
In one 62 year old patient, a second non- 
fatal infarct occurred at a time when the 
prothrombin level was 17 per cent, and a 
42 year old physician suffered a second non- 
fatal infarct when his prothrombin level was 
26 per cent. In addition, a 59 year old 
diabetic patient with a history of 2 prior 
infarcts died from a third infarct 6 years 
after therapy had been begun, and a 59 
year old male with 2 prior infarcts suc- 
cumbed from a third infarct after 4 years 
and 9 months of treatment. We do not be- 
lieve that definite conclusions as to the ef- 
ficacy of the drugs employed can be drawn 
from such a small series, but in view of the 
unfavorable character of the group studied, 
we are inclined to be encouraged. 

Until recently there was little to offer the 
patient with retinal vein thrombosis. Glau- 
coma and loss of the eye (usually within 8 
months of onset) were usual sequences. In 
the 14 cases reported here the results as to 
prevention of blindness and clearing and 
return of vision were considered good to 
excellent by our ophthalmologists in 11 pa- 
tients. Glaucoma did not develop in any 
instance. In 1 case in which therapy was 
begun 2 weeks after the onset of symptoms, 
central vision deteriorated from 20/200 to 
2/200 with pitting and scarring of the macula 
owing, in the opinion of the attending oph- 
thalmologist, to pretherapy intraocular hem- 
orrhage. Peripheral vision was preserved 
and glaucoma did not develop. Impending 
occlusion in the other eye was apparently 
reversed. There were periods of “escape” 
from therapeutic prothrombin levels in the 
early stages of therapy, and these have been 
considered a possible factor in this failure. 
In a second case, the results were consid: red 
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tohave been inconclusive as, although vision 
was preserved, in retrospect there appeared 
some doubt as to the nature of the vascular 
changes. A third 71 year old patient died 
with a cerebral hemorrhage after 21 months 
of treatment. (Her case will be discussed 
under ‘‘complications.”’) 


COMPLICATIONS 


Bleeding was the most frequent complica- 
tion in this series. Four episodes of gross 
hematuria occurred in 3 patients, in each 
instance when the two stage prothrombin 
level was less than 10 per cent. ‘The hemor- 
rhage was readily controlled by temporary 
withdrawal of the anticoagulant combined 
in 3 instances with intravenous administra- 
tion of a vitamin K preparation. 

Two patients incurred large hematomas 
of the buttock following falls, and a third 
patient developed a hematoma of the fore- 
arm as the result of an automobile accident. 
All of these resolved spontaneously. Still an- 
other patient was in a serious automobile 
accident, received multiple lacerations at a 
time when his prothrombin level was 24 per 
cent, yet suffered no excessive hemorrhage. 

In 2 instances, in patients aged 34 and 
42 years, metrorrhagia occurred at times 
when the prothrombin levels were within 
the therapeutic range. Curettage disclosed 
the presence of carcinoma of the body of 
the uterus in both cases. Unexplained uterine 
bleeding encountered during anticoagulant 
therapy should alert the physician to the 
possibility of malignancy. 

One woman, aged 71, with retinal vein 
thrombosis and hypertension, developed a 
fatal cerebral hemorrhage while receiving 
anticoagulant therapy. The prothrombin 
level was 14 per cent 19 days prior to her 
death, and the patient had failed to return 
for her scheduled prothrombin determina- 
tion. It is impossible to determine the role 
of the anticoagulant in the initiation of the 
hemorrhage, but it doubtless contributed to 
the ragnitude of the bleeding and may have 
been a critical factor in the fatal outcome. 
Ano’ her patient, aged 67 years, being treated 
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for recurrent thrombophlebitis, developed a 
hemiplegia and died some months later. A 
clinical diagnosis of cerebrovascular acci- 
dent, either hemorrhage or thrombosis, had 
been made. Supplemental heparin given in- 
travenously in what was probably excessive 
doses may have contributed to this com- 
plication. 


DISCUSSION 


It is our belief, as the result of these and 
other experiences, that the long term ad- 
ministration of anticoagulants can be ac- 
complished safely and effectively in properly 
selected cases. A prime consideration must 
be safety. It is apparent from our data that 
1 patient suffered a fatal cerebral hemor- 
rhage while receiving anticoagulants, and 
in another case death may have been con- 
tributed to by a possible although unproved 
similar event. This would appear to repre- 
sent a serious and even critical argument 
against the long term use of these drugs. 
It must be kept in mind, however, that 
whereas 1 and perhaps 2 lives were lost 
among the 70 individuals in the series be- 
cause of uncontrolled hemorrhage, many 
lives may also have been saved and much 
disability prevented. This is notably true 
among patients with atrial fibrillation and 
peripheral arterial embolism. Further, it 
must be recalled that the 1 proved fatality 
occurred at a time when the patient had 
failed to follow her instructions to return 
for her routine periodic prothrombin deter- 
mination. It is also possible that the therapy 
was not a factor in the initiation of the hem- 
orrhage, though it undoubtedly was an im- 
portant factor in the fatal outcome. It is 
our opinion that in such cases there is as 
much and probably more risk from death 
due to failure to maintain adequate depres- 
sion of the prothrombin level, as there is 
hazard from hemorrhage accompanying ex- 
cessive anticoagulant effect. 

One should not, however, embark upon 
the use of anticoagulants lightly. First, the 
physician must himself be familiar with the 
characteristics of, complications possible 
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from, and antidotes to the use of such agents, 
or must have proper professional guidance 
from someone who possesses this knowledge. 
Second, a laboratory must be available 
which can perform consistently reliable pro- 
thrombin determinations. In our opinion, 
this is the major factor in the safety or lack 
of it and in the extremes of opinions among 
clinicians regarding the use of anticoagu- 
lants. If these two requirements are not met, 
no patient should under any circumstances 
receive long term—or indeed short term— 
therapy with anticoagulants. Third, as we 
have indicated, the patient must have a 
disease known or believed to be favorably 
affected by these agents and, furthermore, 
must not present one or more of the known 
contraindications. 

Contrary to some expressed opinions, we 
believe that there are only very rare patients 


who cannot be controlled on a regimen of 


anticoagulant therapy. ‘‘Failures’ usually 
result from a lack of appreciation of duration 
of action of such drugs, of the need for rou- 
tine and frequent check on the prothrombin 
level, and of the requirement of adequate 
depression of these levels below 30 per cent, 
and occasionally below 20 per cent. As we 
have mentioned, our technical failures were 
the result of failure to maintain a proper 
lowering of the prothrombin level. It is not 
always possible to achieve this with one drug 
over a prolonged period of time. If undue 
instability of levels is demonstrated, we have 
found it wise to question the patient care- 
fully as to the ingestion of alcohol, salicyl- 
ates, or other substances which may in them- 
selves influence prothrombin levels, and may 
in the absence of such interfering factors 
find it wise to shift to another drug to achieve 
greater uniformity of control. It is undoubt- 
edly true that different drugs in a variety 
of ways and degrees affect clotting factors 
other than prothrombin. Such influences are 
stili poorly understood but doubtless are im- 
portant in the safety and effectiveness of the 


various drugs, and in their ease of control 
or lack of it. 

The effectiveness of long term anticoagu- 
lant therapy for the conditions cited in this 
article has been discussed. It is our opinion 
that in recurrent thrombophlebitis, embo- 
lism from the heart and venous circulation, 
and early retinal vein occlusion or impend- 
ing occlusion, the use of anticoagulants is 
often crucial in saving the life of the patient 
or in preventing serious disability. Our ex- 
periences with varied atherosclerotic discases 
including myocardial infarction is limited 
and we are pursuing this aspect of the prob- 
lem further to obtain more satisfactory 
data over a longer period of observation. 


SUMMARY 


Seventy patients suffering from various 
thromboembolic conditions have been given 
oral anticoagulants over periods varying be- 
tween 6 months and 9 years. Only those 
patients whose prothrombin levels as meas- 
ured by the two stage method averaged less 
than 30 per cent of normal were included 
in the study. 

Conditions for which the patients were 
treated included myocardial infarction, 
thrombophlebitis, retinal vein occlusion, real 
or threatened, peripheral arterial embolism, 
peripheral arteriosclerosis, retinal athero- 
sclerosis, cerebral thrombosis, and pulmon- 
ary embolism. 

Effectiveness of therapy, including failures 
(true and technical), factors influencing con- 
trol, and complications are discussed. Gen- 
eral and specific problems in the mainte- 
nance of patients on long term therapy are 
given special attention. 
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DIAGNOSIS AND TREATMENT OF DIASTEMATOMYELIA 


GEORGE PERRET, M.D., F.A.C.S., Iowa City, Lowa 


SincE 1624, congenital divisions or apparent 
duplications of the spinal cord have been 
frequently described in isolated autopsies of 
fetuses, stillborn monsters, and infants who 
succumbed shortly after birth. These anom- 
alies were usually found associated with 
multiple central nervous system and other 
severe malformations. Ollivier in his Trazté 
des maladies de la moelle épiniere (1837) de- 
scribed a case which presented an extensive 
cleft of the spinal cord extending from the 
fourth dorsal vertebra to the sacrum, and he 
gave the name of diastematomyelia to this 
malformation. He differentiated diastemato- 
myelia (Greek: diastema cleft, myelos medulla) 
from diplomyelia (Greek: diplos double, 
myelos medulla); i.e., the segmental longitu- 
dinal division of the spinal cord into two 
portions from a duplication of the cord. 
However, it is only in the past 20 years that 
this condition has been recognized during 
life as a cause of neurologic disturbances, 
and its accurate clinical as well as roentgen- 
ologic diagnosis and _ successful surgical 
treatment are less than 10 years old. The 
successful case reports of Hamby, Herren 
and Edwards, Marr and Uihlein, Maxwell 
and Bucy, Campbell, Pickles, and finally 
Matson, Woods, Campbell, and Ingraham 
drew the attention of pediatricians and 
neurosurgeons to this interesting malfor- 
mation, its diagnosis, and surgical treatment. 
A characteristic feature of the malformation 
is the projection of a bony, cartilaginous or 
fibrous septum from the posterior surface of 
the vertebral body through the middle of 
the spinal canal and a segmental longitu- 
dinal division of the spinal cord and the 
meninges into two separate structures. 
Mos: important for the diagnosis were the 
distinguishing radiographic and myelo- 
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graphic features reported by Walker, Neu- 
hauser, Wittenborg, and Dehlinger, and 
Cowie (5, 6). 

In the past 2 years, 5 verified cases of 
diastematomyelia were diagnosed and were 
treated at University Hospitals of the State 
University of Iowa. Two other suspected 
cases did not require surgical treatment and 
are being followed clinically. All cases pre- 
sented obvious cutaneous defects, under- 
lying defects of the spinal canal, and associ- 
ated neurologic disorders. ‘They thus pre- 
sented the cutaneous, mesodermal, and 
neural forms of spinal dysraphism discussed 
by Lichtenstein. Diastematomyelia is more 
frequently seen in females than in males 
(ratio 4:1) during infancy and early child- 
hood. Although born with obvious cutaneous 
as well as bony and neural anomalies, the 
neurologic disorders become most evident 
when the child starts to walk and become 
more obvious with age, attracting the atten- 
tion of parents and physicians. The symptoms 
depend upon the location and the extent of 
the malformation but most commonly 
develop in one or both lower extremities. 
They consist of weakness, atrophy, malde- 
velopment and malformation, with associ- 
ated disturbances of gait and stance, disturb- 
ance of sensation, reflex changes, impaired 
function of the bladder and rectal sphincters, 
and secondary infection, ulceration, and 
trophic changes of anesthetic areas. In the 
following 5 cases the diagnosis of congenital 
spinal anomaly was made from clinical 
examination of the patient. However, the 
diagnosis of diastematomyelia and its exact 
location depended upon the roentgenologic 
and myelographic examinations and verifi- 
cation at operation. In 1 case the diastem- 
atomyelia was associated with an infected 
thoracic myelomeningocele and was not 
diagnosed preoperatively. It presented many 
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Fic. 1. Case 1. Roentgenograms showing the fusiform 
widening of the lower thoracic spinal canal, fusion of the 
ninth and tenth thoracic bodies, and a suggestive bony 
spicule arising from the posterior aspect of the body of 
the tenth thoracic vertebra. 


features similar to the case described by 
Weil and Matthews. Because of the presence 
of the myelomeningocele, myelography was 
not considered necessary. 


CASE REPORTS 


Case 1. This 3'% year old girl was admitted to the 
University Hospitals on March 22, 1954, with a 6 
weeks’ history of fever, vague pains in her extremities, 
and a tentative diagnosis of subacute bacterial endo- 
carditis. Previous to her admission she had spent 6 
weeks in another hospital with fever, persistent vom- 
iting for several days, inconstant heart murmurs, high 
sedimentation rates, anemia, and leucocytosis. The 
electrocardiogram was normal. Blood, urine, and nose 
and throat cultures were negative. Agglutination 
tests for typhoid and brucellosis were negative. The 
tuberculin test was negative. She was vigorously 
treated with sulfonamides and antibiotics and was 
given 2 blood transfusions. 

The patient was born on August 3, 1950, the first 
child of a healthy mother, aged 21 years. Pregnancy 
and delivery were assertedly uncomplicated. 

Examination revealed a co-operative, mentally 
alert, but chronically ill child. No heart murmurs 
could be heard on auscultation. Generalized muscle 
tone was poor. She had no pain over her spinal column 
and no neck rigidity. A tuft of long hair was present 
over the midline of the back in an area covering the 
eighth, ninth, and tenth thoracic vertebrae. There was 
no evidence of other skin lesions over the spine. Ac- 
cording to the mother, the child was born with this 
tuft of hair. However, it had grown since birth and 
become more profuse. Both lower extremities were 
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weak and their muscles were poorly develop:d. She 
could stand only with support. The deep reflexes were 
brisk and equal. There was an occasional right ankle 
clonus. She had no pathologic reflexes. The abdominal 
reflexes were equally brisk. Sensation appeared in- 
tact over the entire body including the lower extremi- 
ties. She had a persistent temperature of 101 degrees 
F. and a leucocytosis. The urine was normal. There 
was blood in her stools. Heterophile, brucellosis, and 
typhoid agglutination tests were negative. Blood cul- 
tures were sterile. Urine cultures were also sterile. 
Sedimentation rate was increased. Spinal puncture 
revealed a pressure of 140 millimeters of water, free 
dynamics, a protein of 16 milligrams per cent, anda 
sugar content of 65 milligrams per cent. Roentgeno- 
grams of the paranasal sinuses and of the chest showed 
no evidence of old or recent infection. Intravenous 
pyelograms were normal. The electrocardiogram was 
also normal. 

X-ray films of the dorsolumbar spine demonstrated 
a widening of the interpedicular space of the eighth, 
ninth, and tenth thoracic vertebrae with failure of 
fusion of the left side of the posterior arch of the ninth 
thoracic vertebra. The body of the ninth thoracic 
vertebra was smaller than the vertebrae above and 
below and the intervertebral disc space between the 
ninth and tenth thoracic vertebrae was_ narrow. 
Overlying the center of the tenth thoracic vertebra 
in the anteroposterior projection was a shadow sug- 
gesting a spicule of bone which on the lateral view 
was seen to pass obliquely upward posteriorly (Fig. 1). 
A roentgenologic diagnosis of diastematomyelia was 
made. There was some doubt that the spinal cord de- 
fect could be responsible for the patient’s fever and 
her anemia, especially with grossly negative spinal 
fluid studies not indicative of meningeal irritation. 
However, it was thought that the vertebral defect and 
the diastematomyelia might be responsible for the 
weakness in the lower extremities. 

Laminectomy of the eighth, ninth, and tenth thor- 
acic vertebrae was performed on April 1, 1954. The 
spinous processes of the eighth and ninth thoracic 
vertebrae were fused together and the laminal arches 
of the eighth and ninth thoracic vertebrae were also 
fused. There was a large amount of extradural fat 
which was later reported histologically as normal. 
Only one dural canal was encountered. The arac|noid 
appeared thin and transparent. No anomalies of the 
spinal cord were seen. The cord could be rotated 
without difficulty, and no bony spicule intruding in- 
to the anterior portion of the vertebral cana! was 
found. A catheter was then passed up and down the 
subarachnoid space without meeting any obstru: tion. 
The patient’s postoperative condition was goo:! On 
the same day another x-ray study of her dorsolu inbar 
spine was made and showed the laminectomy lave 
involved the twelfth, eleventh, and tenth th: acic 
vertebrae. The suspected bony spicule was agai! seen 
rising from the upper border of the tenth thc acic 








vertebr: 
formed 
radiolu: 
the leve 
was den 
bony sp 
of diast 
The 
1954, 1 
and nil 
amoun 
obviou: 
ever, a 
dimple 
semblit 
pink cé 
(Fig. 2 
the aré 
posteri 
surrou 
and tr 
like di 
of 2 ce 
noid a 
the lef 
the ar 
side t 
dura. 
poster 
the co 
to the 
appea 
arose 
spinal 
thorn 
was a 
proxi 
away 
spicul 
whicl 
It arc 
cut cl 
ative 
Her » 
enou! 
oper. 
April 
extre 
good 
ture 
colla 
chan 
dura 
Tl 
with 
of rl 
and 
troce 


had 




















vertebra. On April 9, 1954, myelography was per- 
formed and a smoothly rounded, constant area of 
radiolucency in the midline of the opaque column at 
the leve! of the eighth and ninth thoracic vertebrae 
wasdemonstrated. It corresponded with the suspected 
bony spur and the previous roentgenologic diagnosis 
of diaste matomyelia was confirmed. 

The patient was reoperated upon on April 12, 
1954, when a laminectomy of the seventh, eighth, 
and ninth thoracic vertebrae was performed. A large 
amount of extradural fat was again encountered. No 
obvious duplication of the dural sac was seen. How- 
ever, at the level of the ninth thoracic vertebra a 
dimple was present in the midline of the dura re- 
sembling an umbilicus, and it contained a prominent 
pink central elevation surrounded by a coronal sulcus 
(Fig. 2). This structure was firmly connected with 
the arachnoid and the spinal cord. It was transected 
posterior to the surface of the cord and resected with 
surrounding dura. This structure continued anteriorly 
and traversed the cord completely. There was a slit- 
like division of the cord into two halves for a distance 
of 2 centimeters. The cord was surrounded by arach- 
noid and dura. The posterior spinal artery traveled to 
the left and gave off a branch which disappeared into 
the anomaly. Attempts to rotate the cord from one 
side to the other disclosed adherences to the anterior 
dura. Following transection of the seventh and eighth 
posterior thoracic roots and the denticulate ligaments, 
the cord could be slowly elevated and slightly rotated 
to the left. The spicule of bone, which had the gross 
appearance of a rose thorn, was covered with dura, 
arose from the midline of the anterior surface of the 
spinal canal and penetrated the cord. The apex of the 
thorn was directed toward the head and its course 
was an oblique one. The bony spicule measuring ap- 
proximately 6 millimeters in height was rongeured 
away. Immediately caudad to the base of the bony 
spicule, the anterior extension of the fibrous structure 
which crossed the spinal cord could be visualized. 
It arose from the underlying dura. This structure was 
cut close to the cord and resected. The patient’s oper- 
ative and postoperative condition remained good. 
Her wound healed without complication. Curiously 
enough, she was free of fever following the second 
operation and was discharged from the hospital on 
April 19, 1954, with some weakness in both lower 
extremities, normal reflexes, absent ankle clonus, and 
good bladder control. The umbilical-appearing struc- 
ture transfixing the cord consisted of dense layers of 
collagenous tissue enclosing several dilated venous 
channels filled with blood, and it was thought to be 
dura. 

The patient was readmitted on December 28, 1954, 
with fever and swollen joints. At this time a diagnosis 
of rheumatoid arthritis was made. Repeated blood 
and s;inal fluid cultures were sterile. A further elec- 
troca: diogram was normal. Neurologically her strength 
had creatly improved in the lower extremities. She 
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Fic. 2. Case 1. Drawing representing the operative 
findings of a bony spur penetrating into the cord and a 
fibrous septum dividing the cord. 


had good bladder and bowel control. At her last 
check-up examination (September 15, 1956) the tuft 
of hair was still present and needed cutting once a 
year. She had no neurologic symptoms or signs. 


The characteristic finding of a tuft of hair 
over the lower thoracic spine associated 
with weakness of both lower extremities 
suggested the presence of an underlying 
spinal anomaly. Roentgenograms of that 
region showed congenital anomalies of the 
vertebrae and the presence of a spicule 
arising from the superior posterior portion 
of the body of the tenth thoracic vertebra. 
The myelograms confirmed the presence of 
a defect in the subarachnoid space at that 
same level. Both roentgenographic findings 
were characteristic for diastematomyelia 
and were confirmed by the operative find- 
ings: the bony spicule arising from the pos- 
terior surface of the vertebral body and 
penetrating the spinal cord, covered by 
dura, associated with a thick strand of 
fibrous dura which transfixed the spinal 
cord in its midline and united the posterior 
aspect of the dura with its anterior aspect. 
It is doubtful that this malformation was 
responsible for the patient’s febrile symp- 
toms which brought her to the hospital. 


Case 2. This 114 year old boy was first seen at 
University Hospitals on May 25, 1954, for a congenital 
deformity of the left foot. He was born on September 
1, 1952, the third child of a 24 year old mother, after 
an uneventful pregnancy and labor. A few days after 
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Fic. 3. Case 2. Photograph of the 114 year old patient 
showing the hypertrichosis, skin dimple, and slight short- 
ening of the left leg. 


birth the parents noticed that the child’s left foot was 
turned in and slightly smaller than the right. Since 
birth the left foot had grown but had remained smaller 
than the right. The child started to walk alone at the 
age of 14 months at which time the parents noticed 
that he was dragging the left foot. They also stated 
that the left foot was cooler than the right and that 
there seemed to be no sensation over the dorsal as- 
pect of the left foot. He was also born with a tuft of 
long, fine, brown hair over the midline of the lum- 
bosacral region. The hairs had increased in length but 
the patch had not increased in size since birth. 

Examination revealed a well nourished, co-opera- 
tive child in good general health. A large area of 12 
inch long silky hairs was present over the entire lum- 
bar spine (Fig. 3). The child dragged the left foot 
when walking. He occasionally walked on the lateral 
aspect of the foot. The left lower extremity was 1 
centimeter shorter than the right. There was weak- 
ness of the plantar flexors and dorsiflexors of the left 
foot and toes, and there appeared to be sensory loss 
below the level of the left knee. He maintained the 
ieft foot usually in an abduction position. The left 
patellar and Achilles reflexes were absent. The abdom- 
inal and the cremasteric reflexes were present bilat- 
erally. 





X-ray examination of the spine demonstrated 4 
spina bifida with widening of the pedicles starting at 
the tenth thoracic vertebra and involving ai! of the 
lumbar and sacral vertebrae. The greatest widening 
of the interpedicular distance was noted between the 
twelfth thoracic and the first, second, and third |umbar 
vertebrae. The left posterior arches of the eleventh 
and twelfth thoracic and first lumbar vertebrae were 
irregularly formed. The lateral portions of the eleventh 
and twelfth ribs were fused on the left side. The 
presence of a diastematomyelia on a cartilaginous 
basis was suggested. 

The child was seen in the orthopedic department 
and was given an outer heel wedge to be used on the 
left shoe. One month later he had developed an in- 
fection with redness and swelling in the left fifth toe 
and over the dorsum of the foot. His gait showed ex- 
ternal rotation and slight limp of the left foot which 
tended at times to invert, resulting in frequent turning 
of the ankle. Anesthesia in the area of the fifth lumbar 
and first and second sacral dermatomes favored injury 
of the skin of the lateral margin of the left foot and the 
fifth toe. Skin ulceration and beginning necrosis of the 
fifth toe were present. A slight scoliosis of the lower 
thoracic and lumbar spine with convexity to the left 
was palpable. About 1 inch superior to the upper 
border of the hairy growth, a defect in the spinous 
process of the lower thoracic vertebrae was palpated. 
A clinical diagnosis of diastematomyelia was made. 
Spinal puncture under general anesthesia revealed 
an initial spinal fluid pressure of 260 millimeters of 
water and free dynamics. The fluid contained 2 
lymphocytes per cubic millimeter and a protein of 
24 milligrams per cent. 

Myelography revealed the formation of two separ- 
ate opaque columns, one on each side of the widened 
spinal canal extending from the first lumbar to 
the ninth thoracic vertebra. The two columns merged 
into one above the ninth thoracic and below the first 
lumbar vertebra suggesting a diastematomyelia (Fig. 
4). 

A laminectomy of the first lumbar and _ twelfth, 
eleventh, and tenth thoracic vertebrae was performed 
on July 16, 1954. The spinous processes of the eleventh 
and twelfth thoracic vertebrae were found to be closely 
and firmly connected by fibrous tissue. There was no 
first or second lumbar spinous process. Part of the 
posterior arch of the first lumbar was present bit the 
arch was absent at the second lumbar vertebra. A 
thick ligamentum flavum bridged the spina |ifida 
defect. A large amount of extradural fat was present. 
The spinal canal was wide and appeared flattened. 
The dura looked grossly normal, but there was a ridge 
of fibrous tissue in the midline over the dura «‘ the 
level of the eleventh and twelfth dorsal verte rae. 
The dura was opened in the midline, and a «lear 
transparent arachnoid filled with fluid was observed. 
The ridge of fibrous tissue seen over the pos'crior 
aspect of the dura extended into the subarac! noid 
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Fic. 4. 


Fic. 5. 


Fic. 4. Case 2. Myelograms outlining the split in the subarachnoid space produced by a fibrous 
septum. Notice the widening of the spinal canal and rib anomaly. 
Fic. 5. Case 2. Photograph of the split spinal cord seen at operation, after removal of fibrous 


septum, 


space. The arachnoid membrane was connected to it, 
and it extended through the center of the spinal cord 
so as to split it from the tenth thoracic to the first 
lumbar vertebra (Fig. 5). This fibrous tissue grossly 
appeared like dura. Several anomalous arachnoidal 
adhesions containing blood vessels were present. Each 
half of the split spinal cord was surrounded by a sep- 
arate arachnoidal sac. The cord was rotated from 
left to right and elevated from its floor after section of 
the denticulate ligaments. To free the cord completely 
it was necessary to resect the two lower fascicles of the 
wide twelfth dorsal motor root. Through an elongated 
defect in the anterior aspect of the dura protruded a 
septum of fibrous tissue which transfixed the cord and 
was continuous with the one seen posteriorly. It was 
thought that fibrous tissue probably arose from the 
posterior spinal ligament through a dural defect. 
Numerous blood vessels accompanied it. The fibrous 
septurn was severed at the base where it emerged 
through the dura, pulled through the cord, and 
removed. 

The child’s condition remained good during and 
after operation. His wound healed without complica- 
tion. He developed temporary urinary retention and 
some abdominal distention. When discharged on July 
25, 154, the neurologic picture had not changed. The 


left Achilles and patellar reflexes were absent, and 
there was anesthesia over the lateral aspect of the left 
foot and the anterolateral aspect of the left leg. The 
patient walked with a 45 degree external rotation of 
the left foot and leg. He was voiding normally. Later 
examination revealed still some generalized slight 
atrophy in the left lower extremity. The left fifth toe 
was completely healed but the nail was absent. The 
fine long hair was again present over the lumbar re- 
gion. Analgesia was present over the lateral aspect of 
the left leg and over the entire left foot. He was still 
walking with eversion of the left foot and leg. Some 
weakness was present in the plantar and dorsiflexors 
of the left toes. The left patellar and Achilles reflexes 
were present but diminished. 

This case of diastematomyelia presented 
lower motor neuron signs involving the left 
lower extremity, extensive spinal anomalies, 
growth of hair over the spina bifida occulta 
in the lumbar region. The diastematomyelia 
was suggested by the roentgenographic 
anomalies of the lower thoracic and lumbar 
spine, especially the widening of the inter- 
pedicular space above the spina bifida. ‘The 
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Fic. 6. Case 3. Roentgenogram of lower spine showing 
the bony spur extending posterior to the neural arch and 
myelogram outlining the asymmetrical split in the sub- 
arachnoid canal produced by the bony septum. 


diagnosis was confirmed by myelography 
and at the time of operation the cord was 
found to be transfixed by fibrous tissue, ap- 
parently arising through an anterior dural 
defect. 


Case 3. This female patient was first seen at the age 
of 1 month, on March 2, 1955, because of a soft tissue 
mass over the lumbar region covered by long hair and 
inversion of the left foot. The prenatal history was un- 
eventful. She was the second ehild of a 27 year old 
hypertensive mother and was born by breech delivery 
on February 1, 1955. 
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Fic. 7. Case 3. Photograph of patient 5 months after 
operation showing area of hypertrichosis, difference in 
size of feet, and weakness in dorsiflexors of left foot and 
toes. 
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Examination revealed a poorly demarcate: sot, 
tissue mass measuring approximately 3 to 4 centi- 
meters in diameter, covered by long soft hair, over the 
lumbar spine. There was also a bony protrusion of 
the neural arch on the left side, and a spina bifida 
could be palpated in the lumbar region. A smal! open- 
ing was present in the soft tissue mass and had the ap- 
pearance of the mouth of a sinus tract. The le!t foot 
appeared smaller than the right and was kept in in- 
version. 

X-ray films of the lumbar spine were interpreted as 
showing a spina bifida occulta, and the bony mass was 
interpreted as a protrusion of a left neural arch in the 
midlumbar region. Neurologic examination was other- 
wise grossly normal. It was thought that the soft tissue 
mass represented a benign growth, probably a lipoma, 
over the spina bifida. The left foot held in mild equi- 
novarus position could be easily corrected beyond 
neutral position, and the mother was instructed to 
stretch the Achilles tendon and the joints of the foot in 
order to prevent deformity. 

The patient was admitted to University Hospitals 
on August 8, 1955, at the age of 6 months. The left 
foot appeared smaller than the right. The deep re- 
flexes were less active in the left lower extremity than 
in the right. Strength, motion, and sensation appeared 
grossly equal in the lower extremities. There was ar 
area of long hair growth measuring about 5 by 2 cen- 
timeters over the second and third lumbar regions. 
The spinal defect could be palpated in the lumbar 
region. There was a bony prominence to the left of the 
midline at about the level of the second and third 
lumbar vertebrae with a small sinus opening lateral 
to it. The spinal fluid pressure was normal; the fluid 
was clear, and the total protein 29 milligrams per 
cent. Films of the lumbar spine showed a spina bifida 
involving the twelfth thoracic, the first, second, and 
third lumbar vertebrae. Myelography revealed a fill- 
ing defect at the level of the second and third lumbar 
bodies to the left of the midline (Fig. 6). In its center 
there was a density thought to represent a bony spur 
extending through this area and surrounded by soft 
tissue. The defect was consistent with diastematomye- 
lia. 

Laminectomy was performed on August 12, 1955. 
The region of the spina bifida was uncovered extend- 
ing from the first to the fifth lumbar vertebra inclu- 
sive. At the first lumbar vertebra the two laminae were 
close to the midline, but at the second and third !um- 
bar vertebral levels they widened, only to come to- 
gether again at the level of the fourth and fifth lumbar 
vertebrae. The spina bifida defect, especially in its 
upper portion, was covered by a large mass of mature 
and fetal adipose tissue, lobulated by dense fibrous 
septa and intermingled with striated muscle and con- 
nective tissue. A bony mass, which had been felt «lin- 
ically and interpreted roentgenologically as a }ony 
prominence to the left of the midline, was situ :ted 
medially and slightly inferiorly to the rudimen ary 
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Fic. 8. Case 3. Drawings of operative findings: a, extradural lipoma and posterior 
projection of bony septum; b, asymmetrical division ‘of spinal cord after removal 
of bony septum with relation of dermal sinus to spinal cord; c, cross section view 
of pathologic findings with emphasis on origin and course of anterior and posterior 
spinal nerve roots in relation to bony septum. 


lamina of the third lumbar vertebra (Fig. 8). It seemed 
to represent an anomalous spinous process and could 
be followed to the dura. The sinus tract placed inferi- 
orly to this bony mass could also be followed medially 
to the dura to about the fourth lumbar vertebral lev- 
el. After completion of the laminectomy and removal 
of the ligamentous attachment connected to the bony 
anomaly, it became apparent that this process con- 
tinued anteriorly so as to split the dural sac into two 
segments. It seemed to arise from the body of the third 
lum!ar vertebra. A split in the dural column extended 
from the superior portion of the second lumbar to the 
superior portion of the fourth lumbar vertebra. Above 
and below these levels the two dural sacs reunited to 
form a single dural sac. The sinus tract could be fol- 
lowed down to the most inferior portion of the bony 





and fibrous island between the two dural canals and 
was closely associated with the dura and the underly- 
ing arachnoid on the right side of the midline. When 
the dura was opened, two separate spinal cords were 
visualized, the right one arising from approximately 
two-thirds of the cross section of the original cord 
while the left one was markedly thinner (Fig. 8). Both 
cords were surrounded with arachnoid, and their re- 
spective subarachnoidal spaces contained spinal fluid. 
On both sides vessels could be seen on the pia. The 
posterior nerve roots arose from the right as well as the 
left spinal cord while all the anterior nerve roots arose 
from the right-sided segment. Some passed above and 
some below the bony island, beneath the left spinal 
cord segment. The beginning of the conus medullaris 
could be seen at the level of the fifth lumbar vertebra. 
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Fic. 9. Case 4. Roentgenograms of lower spine show- 
ing widening of lumbosacral canal, fusion of bodies of the 
twelfth thoracic and first lumbar vertebrae and presence 
of abnormal bony projection over the twelfth thoracic 
and first lumbar vertebrae. 


The midline septum was then removed as completely 
as possible including bone, cartilaginous tissue. vessels, 
and dura. Both halves of the spinal cord were then 
fully mobilized, and the dura was closed so as to form 
a single dural canal posteriorly. The child’s operative 
and postoperative courses were satisfactory, and the 
operative wound healed without complication. 

On the first postoperative day the baby moved both 
lower extremities equally well and appeared to void 
normally. However, on the second day she did not 
move the left lower extremity, and on the third day a 
phlebitis had developed in the previously cannulated 
left saphenous vein. This complication was associated 
with fever. The child regained some movements in the 
left lower extremity on the fourth postoperative day, 
especially in the thigh. She was discharged on August 
23, 1955. Two months after operation the length of the 
left foot was 1 centimeter shorter than the right. Uri- 
nation and bowel movements were normal. She moved 
both lower extremities equally well. Five months after 
operation she was able to climb up and down stairs 
without difficulty. The left foot was 1 centimeter 
shorter and approximately 144 centimeter narrower 
than the right. The circumference of the left calf was 
approximately 1 centimeter less than the right, and 
the left lower limb was 1 centimeter shorter than the 
right (Fig. 7). The left patellar reflex was absent, the 
left Achilles reflex diminished. There was no apparent 
sensory deficit. She was able to stand and kick well. 
At the age of 14 months it was thought that she did 
not move the left foot as actively as the right. One year 
after operation the left lower extremity was slightly 
smaller than the right, and the left patellar reflex was 
absent. She had good motion in both feet and toes. 
However, when walking she dragged the left foot. 


This case presented not only a division of 
the spinal cord but a division of the entire 
dural canal into two separate canals. The 
midline septum was larger than that noted 
in the previous cases and was connected 
with an anomalous subcutaneous bony pro- 
jection which was more prominent than the 
rudimentary lamina of the spina bifida. The 
split portions of the spinal cord were of un- 
equal width, the right appearing larger and 
more important than the left. Of interest is 
the fact that the conus medullaris extended 
below the fifth lumbar vertebral level. A 
sinus tract ended blindly in the arachnoid, 
Diagnostically, this child presented fairly 
characteristic signs and symptoms such asa 
marked widening of the interpedicular 
space associated with a spina bifida, a pal- 
pable abnormal bony prominence in the 
same region, and long tufts of hair covering 
the skin. The myelographic picture was 
also diagnostic. 


Case 4. This girl, born June 4, 1954, was first seen 
in the Crippled Children’s Field Clinic on April 13, 
1955. She had a congenital clubfoot on the right which 
was treated by a local orthopedic surgeon. The child 
also had a growth of hair over the lower thoracic and 
upper lumbar regions. No muscle weakness was ap- 
parent. Roentgenograms of the dorsolumbar spine 
showed anomalies of the twelfth dorsal and first lum- 
bar vertebrae with widening of the interpedicular 
spaces and spina bifida extending from the tenth 
thoracic vertebra to the sacrum. There appeared to 
be a fusion of the twelfth thoracic and first lumbar 
vertebrae with narrowing of the eleventh to twelfth 
thoracic intervertebral disc space. A longitudinal! mid- 
line bony spur extending from the twelfth thoracic 
to the first lumbar vertebra was also visualized, and 
a diagnosis of diastematomyelia was made (Fig. 9). 

The child was admitted to the University Hospitals 
on June 17, 1955. She was the third child of a healthy 
mother who was 21 years old at the time of pregnancy 
and whose pregnancy and delivery were assertedly 
uneventful. The baby was born with a tuft of hair in 
the dorsolumbar region and evidence of a right-sided 
clubfoot. However, she was able to move both lower 
extremities well. 

On examination she used the right lower extremity 
less actively than the left and dragged the right leg 
when crawling. The left thigh was slightly smaller 
than the right. She had good muscle strength and no 
apparent sensory loss in the lower extremities. A large 
amount of fine hair was present over the dorsolumbar 
spine with a dimple in the skin overlying the first 
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Fic. 10. 





Fic. 11. 


Fic. 10. Case 4. Photograph of patient at age of 1 year showing right clubfoot, thoracolumbar 


hypertrichosis, and skin dimple. 


Fic. 11. Case 4. Photograph of operative view showing large bony septum dividing spinal cord. 


lumbar vertebra (Fig. 10). A bony prominence was 
present in the lower thoracic region. Clubfoot was 
present bilaterally, more pronounced on the right 
side than on the left. However, roentgenograms of 
both feet showed the left to be normal. The patient 
was treated on the orthopedic service with corrective 
casts. 

Myelography was performed on July 5, 1955, and 
revealed a split in the column of contrast material at 
the level of the twelfth thoracic and first lumbar ver- 
tebrac. The diagnosis of diastematomyelia was con- 
firmed. Following myelography the child developed 
high fever with nuchal rigidity. The spinal fluid was 
cloudy and contained 60 to 100 white blood cells per 
cubic millimeter; the protein was 75 milligrams per 
cent, glucose 53 milligrams per cent, and chloride 
126 milliequivalents. Cultures, however, remained 
negative, and it was thought that this child had a 
chemical meningitis due to pantopaque. 

At operation on July 12, 1955, a bony protrusion 
was found in the midline at the level of the twelfth 
thoracic to first lumbar vertebra immediately be- 
neath the skin. It was surrounded by dense fibrous 
lissuc, firmly connected with the surrounding fat, 


muscle fascia, and fibrous tissues covering the spina 
bifida occulta. Laminectomy and dissection of the 
midline bony process revealed the presence of two 
separate dural canals extending from the eleventh 
thoracic to the second lumbar vertebrae. The bony 
mass penetrated the area between the two dural 
canals and measured approximately 2 centimeters in 
length and 1 centimeter in width. The longitudinal 
split of the spinal cord and the dural canal extended 
approximately 2 centimeters above and 2 centimeters 
below the bony malformation. This process was firmly 
adherent to the surrounding fibrous tissue and to both 
dural sacs. It was followed to the anterior aspect of 
the spinal canal and was seen to emerge from the 
posterior surface of the fused bodies of the twelfth 
thoracic and first lumbar vertebrae. The opened dura 
exposed well the two separate spinal cords, the right 
one being slightly larger than the left (Fig. 11). The 
surrounding arachnoid was slightly opaque and ad- 
herent to the dura and to each cord. Each half of the 
cord gave rise to the ipsilateral nerve roots. The pos- 
terior and anterior dural defects were closed after com- 
plete removal of the bony, cartilaginous, and fibrous 
tissue dividing the cord. The spina bifida defect was 








closed by mobilization and midline suture of the para- 
spinal muscles and the overlying fascia. The child’s 
postoperative course was uneventful. Her wound 
healed satisfactorily, although she accumulated some 
yellowish fluid beneath the skin which had to be as- 
pirated twice. She was discharged from the hospital on 
July 23, 1955, with a Denis Browne splint for the 
lower extremity. 

Two months after discharge she was manifestly 
gaining better control in her legs and was able to crawl 
with her brace on. She could also stand in bed with 
the brace on. Sensation appeared normal in both feet 
and toes. She did not have any urinary or anal dis- 
turbances. 

Check-up examination 10 months after operation 
showed much improvement in her gait although she 
still had a tendency to turn the right foot inward. 
Toilet control was complete. She still had a large 
patch of hair over the upper lumbar and lower thor- 
acic regions. There were no sensory disturbances in 
the lower extremities. The reflexes in the lower extrem- 
ities were bilaterally equal. It was again recom- 
mended that the patient wear the Denis Browne 
splint at night. 

The presence of a tuft of hair over the 
lower thoracic spine associated with an 
upper lumbar skin dimple and a clubfoot 
suggested the presence of an underlying 
spinal cord anomaly. The suspected clinical 
diagnosis of diastematomyelia could easily 
be confirmed by the roentgenograms and 
myelograms of the lumbodorsal region. The 
large midline bony process arising from the 
site of fusion of the twelfth thoracic to first 
lumbar vertebral bodies split the dural 
canal and its contents into two separate 
canals for a distance of two full vertebral 
segments. , 

Neurologic disorders do not necessarily 
need to be present. One may even postulate 
that the more extensive widening of the 
spinal canal and division of the dural canal 
may have prevented the development of 
spinal cord and nerve root symptoms. 


Case 5. This girl was born on September 17, 1955, 
the second child of a 22 year old mother, and was 
admitted to University Hospitals on October 18, 1955. 
Pregnancy and delivery were assertedly uncompli- 
cated. At the time of birth the infant presented a 
draining myelomeningocele in the midthoracic re- 
gion. This was surgically dressed for 2 weeks. On ex- 
amination the child presented a midthoracic myelo- 
meningocele measuring 7 by 4.5 by, 2 centimeters 
covered with a transparent membrane partly replaced 
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by an apparently infected granulating surfac: Oozing 
cerebrospinal fluid. The head circumference was 375 
centimeters. The anterior and posterior fontanelles 
were widely open. The neck appeared unduly short. 
The patient moved the lower extremities fai: ly well, 
Both patellar reflexes were present and equal. There 
was movement of the feet and toes. However, there 
was no response to pinprick over the lower extrem. 
ities, and sphincter tone was absent. 

Multiple congenital anomalies of the cervical and 
thoracic portions of the spine were demonstrated 
roentgenologically. She had only 5 cervica! vertebrae, 
and the spinous processes of the fifth cervical and first 
thoracic vertebrae were fused. A spina bifida extended 
from the midthoracic region to the fourth lumbar 
vertebra. Several thoracic hemivertebrae were pres- 
ent, more on the right than on the left. There were 11 
ribs on the right side and 9 on the left. Some of the 
ribs were fused on the left. The body of the tenth 
thoracic vertebra formed two lateral masses. There 
was also widening of the dorsal and lumbar spinal 
canal. The diagnosis of thoracic myelomeningocele, 
multiple vertebral anomalies, and incipient hydro- 
cephalus was made. 

Culture of a smear taken from the granulating sur- 
face of the myelomeningocele revealed the presence 
of hemolytic Staphylococcus aureus. The myelo- 
meningocele was then treated locally with bacitracin 
ointment and 1 per cent acetic acid. The circumfer- 
ence of the head gradually enlarged to measure 42 
centimeters. The fontanelles were bulging and tense, 
and separation of the cranial suture lines was demon- 
strable. It was planned to treat the hydrocephalus at 
the time of closure of the myelocele by establishing an 
anastomosis between the dorsal subarachnoid space 
and the peritoneal cavity. 

At operation on November 15, 1955, the repair of 
the myelomeningocele was not as simple as expected. 
Spinal fluid aspirated from the sac contained 153 
milligrams per cent of total protein, 58 milligrams 
per cent of glucose and 120 milliequivalents of chlor- 
ide. There was no visible residual of infection. The 
exposed contents of the spinal canal were covered 
with a thick arachnoid membrane which was adher- 
ent to many of the surrounding structures. A hard, 
large mass was present in the center of the myelocele 
sac, extending from its surface down to the spinal 
cord. Pull on this mass, however, produced traction 
on the visualized nerve roots and the spinal cord 
proximally as well as distally to that point. At the 
upper edge of the exposed spinal canal a normal- 
looking spinal cord was observed. The latter divided 
into two separate components, the right one appear- 
ing somewhat bigger, rounder, and more compact 
than the left. The two halves of the spinal canal were 
separated by scar and fibrous tissue which was con- 
tinuous with the hard mass which had been resected 
with the dome of the myelomeningocele. The essen- 
tial structure was that of diastematomyelia although 
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no obvous bony protrusion arose from the anterior 
aspect of the spinal canal. Caudad from the site of 
this se} tum of fibrotic tissue, numerous normal-ap- 
pearing nerve roots emerged from a centrally located 
single spinal cord to form the beginning of the cauda 
equina. After dissection and preservation of nearly all 
the nerve elements, an attempt was made at estab- 
lishing the patency of the spinal subarachnoid space. 
However, compression of the large protruding anterior 
fontanelle did not produce a flow of cerebrospinal 
fluid and probing with a thin French rubber catheter 
revealed the presence of an obstruction approximately 
3 to 5 centimeters cephalad to the operative site. 
Therefore the intended thoracic subarachnoid-peri- 
toneal anastomosis was not performed. The dura 
which made up the lateral wall of the meningomyelo- 
cele was then dissected off the subcutaneous tissue. 
It was imbricated over the spinal cord after dissection 
of the island of fibrous tissue which had split it into 
two halves. On the left side the vertebral bodies 
could be palpated; however, on the right they seemed 
absent. Fascial and muscular closure over the site of 
the spina bifida was not feasible, and only subcutane- 
ous and skin closure could be effected without tension. 

The baby’s postoperative condition was at first 
characterized by abdominal distention which neces- 
sitated gastric decompression. The distention of the 
ventricular system increased and was treated by fre- 
quent ventricular punctures. On the eighth postoper- 
ative day the child developed fever, and the wound 
showed evidence of infection. Soon the clinical signs 
of meningitis developed with high fever, respiratory 
disturbances, lethargy, and increase in the hydroceph- 
alus. Cultures of ventricular fluid revealed the pres- 
ence of Pseudomonas aeruginosa. The baby was vig- 
orously treated with antibiotics. No further bacterial 
growth could be obtained from ventricular fluid cul- 
tures after January 10, 1956. The baby’s condition 
gradually improved. Its head circumference had in- 
creased to 45.5 centimeters and, when the child was 
finally discharged on February 10, 1956, measured 
44 centimeters. When she was seen 6 months after 
operation, she showed some weakness and spasticity 
in the lower extremities. She stl had unexplained 
bouts of abdominal distention associated with rapid 
respiration. 

On July 23, 1956, the head circumference was 47 
centimeters. Some movements were seen in the lower 
extremities only on painful stimuli. The child had 
also developed a convulsive disorder characterized 
by extension of all extremities, cyanosis, and dyspnea. 

This case of diastematomyelia was not 
diagnosed preoperatively and was associated 
with multiple central nervous system anom- 
alies. In the foreground stood the thoracic 
meningomyelocele and the hydrocephalus. 
From a roentgenologic point of view, a 


definite widening of the _ interpedicular 
spaces was present. However, it was associ- 
ated with an obvious spina bifida and mye- 
locele. At operation a definite diastemato- 
myelia was encountered but the tissue be- 
tween the two halves of the spinal cord was 
neither bony nor cartilaginous but entirely 
fibrous and was directly connected to the 
vertex of the dome of the myelocele. 


DISCUSSION 


Clinical diagnosis. ‘The majority of the 
cases reported in the literature showed con- 
genital cutaneous defects over the spine or 
neurologic disorders or both. Among the 22 
cases of diastematomyelia reported by In- 
graham and Matson, 5 had no obvious 
cutaneous defects and 6 had no neurologic 
disturbances. Only 1 of their cases exhibited 
no skin or neurologic defects (other than 
those related to meningeal infection). The 
majority of patients with spina bifida oc- 
culta present no neurologic disorders or 
cutaneous anomalies. However, if these 
disturbances should be present and a spina 
bifida can be detected roentgenologically, 
the patients deserve further clinical investi- 
gation for possible treatment of the neuro- 
logic disorder. ‘The association of congenital 
cutaneous defects, neurologic disorders, and 
roentgenologic evidence of anomalies of the 
spinal column should raise a suspicion of the 
presence of diastematomyelia and clearly 
requires further investigation. 

Cutaneous defects were present in all 
patients of this series. The thoracic skin de- 
fect and the protruding myelomeningocele 
of Case 5 was obvious and quite readily 
localized the level of the lesion. ‘The other 4 
cases presented localized hypertrichosis 
characterized by long, soft silky hair lying 
in the midline of the back, usually over the 
region of the underlying bony anomaly but 
not necessarily over the level of the diaste- 
matomyelia itself. This abnormal hair 
growth was present at birth. Associated 
with this finding 1 patient presented a con- 
genital dermal sinus and a lipoma, and 2 
others skin dimples. 





Disturbance of fusion of the vertebral 
neural arch was detected twice. It was ob- 
vious when associated with a myelomeningo- 
cele (Case 5). The spina bifida involving the 
entire lumbar region could be palpated in 
Case 3. An abnormal bony protrusion was 
associated with the palpable spina bifida. 
Although defects in fusion of the vertebral 
neural arch were present in all the cases, 
they could not be detected on clinical ex- 
amination in 3 instances. 

Neurologic disturbances were present in 
3 and absent in 2 cases. Case 1 was hospi- 
talized because of fever of unknown origin 
and generalized weakness. Neurologic ex- 
amination was essentially normal. However, 
the thoracic hypertrichosis suggested an 
underlying vertebral defect which could 
have been associated with her febrile disease 
and required further roentgenologic exami- 
nation. In the other case, neurologic exami- 
nation was also within normal limits but the 
child had been born with a dorsolumbar 
hypertrichosis and a right clubfoot, both of 
which signs prompted a search for an under- 
lying vertebral anomaly. 

The more common neurologic disturb- 
ances were characterized by impaired func- 
tion of one or both lower extremities. The 
parents of the patients usually noticed either 
difficulty in walking or in learning to walk. 
Weakness and paresis of the flexors or ex- 
tensors of the foot and toes, unilaterally or 
bilaterally, associated with diminished or 
absent patellar or Achilles reflexes and sen- 
sory disturbances, are not infrequent. Often 
the affected extremity is slightly smaller 
than normal. The complications of infection, 
ulceration, and necrosis of a toe or part of a 
foot may develop in an area of anesthesia 
unknown to the patient or his parents (Case 
2). Sphincteric impairment was present only 
in the case presenting the myelomeningocele. 
This child also had a severe paraparesis with 
analgesia of both lower extremities and hy- 
drocephalus. 

Lumbar puncture does not offer much 
help in making a diagnosis. Since there is 
ordinarily no obstruction to the circulation 
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of spinal fluid, the manometric and spinal 
fluid findings are usually entirely normal. 
Roentgenologic diagnosis. Roentgenologic 
examination of the entire spine in antero- 
posterior and lateral positions is important 
in the investigation of neurologic disorders 
involving the lower extremities or the sphinc- 
ters and in the presence of congenital cutanc- 
ous defects over the spine. Most cases pre- 
sent a spina bifida occulta, commonly in 
the lumbar region, which may be associated 
with a fusiform widening of the spinal canal 
at the site of the spina bifida or cephalad to 
it. The characteristic bony spicule, produc- 
ing a line of increased density in the center 
of the spinal canal and reported by many 
investigators, is not necessarily present. Such 
a shadow is not seen if the cord-dividing 
septum is cartilaginous or fibrous in nature. 
A bony spur arising from the posterior por- 
tion of the vertebral bodies was observed in 
the roentgenograms of 2 of our patients 
(Cases 1 and 4). This bony spur may be 
attached to the fused or open neural arch. 
Other roentgenologic anomalies seen were 
partial or complete fusion of the involved 
vertebral bodies, wedged vertebrae and 
hemivertebrae, fusion of adjacent laminae 
or spinous processes, and narrowing of in- 
tervertebral disc spaces. Other spinal and 
rib anomalies may also be encountered. 
The reported cases presented spina bifida 
and fusiform widening of the spinal canal 
with increase in interpedicular distance. 
Visualization of the anomaly by panto- 
paque myelography should be done in all 
cases. It localizes accurately the level of the 
lesion. The anomaly is demonstrated by a 
splitting of the opaque column into two 
columns passing around a fusiform central 
defect produced by the bony, cartilaginous, 
or fibrous septum. This split in the panto- 
paque column was usually longer and wider 
than the visualized bony spur. A unilateral 
filling defect at the site of the bony changes 
caused by nonfilling of the subarachnoid 
space around one part of the divided cord 
as reported by Cowie (5) has not been sen 
in this series. Myelography may also reveal 
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the presence of a neoplasm, such as a lipoma 
or dermoid, associated with this type of 
myelodysplasia. 

Babies and unco-operative children may 
need a short general anesthetic for myelog- 
raphy. An aseptic meningitis complicated 
this test in 1 case. 

Treatment. According to various reports 
and our own observations, the spinal cords 
of some of these patients did not change 
their position relatively to the vertebral 
column as normally occurs. The upper por- 
tion of the conus medullaris was visualized 
at the fifth lumbar vertebral level at the age 
of 6 months in Case 3. It is known that at 
the age of 3 months of intrauterine life the 
spinal cord segments correspond anatomi- 
cally to the vertebral segments. At birth the 
lower end of the spinal cord lies at the third 
lumbar vertebral level and in adult life at 
the first lumbar vertebral level. In the lum- 
bar and inferior thoracic regions of the 
spinal cord, where most of the myelodyspla- 
sias and fixation of the cord occur, the rela- 
tive ‘upward migration” of the spinal cord 
becomes impossible, and one may assume 
that it produces considerable tension on the 
spinal cord and may result in increasing 
neurologic disturbances during the period 
of bony growth. The early release of the 
lesion fixing the spinal cord low in the spinal 
canal by removal of the bony, cartilaginous, 
or fibrous septum should allow normal spinal 
cord development and prevent the increase 
in neurologic dysfunction. Thus the purpose 
of operation is prophylactic rather than 
curative. 

The operative treatment consists in the 
removal of the cord-transfixing elements 
and mobilization of the spinal cord. This is 
done through a laminectomy approach. 
The extradural removal of the septum should 
always be attempted; however, such may be 
possible only by an intradural approach and 
necessitate section of one or two nerve roots. 
Res«-ction of the dura surrounding the trans- 
fixing septum together with the usually 
pre-ent adhesions between it and the arach- 
noi} and pia of the split halves of the cord 
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is necessary for complete mobilization of the 
spinal cord. 

Pathology. The division in the cord itself 
may extend for several segments cephalad as 
well as caudad to the abnormal septum while 
the dural cleft usually approximates the size 
of the bony spur or the cartilaginous or fi- 
brous septum. An entirely fibrous septum 
was encountered in Cases 2 and 5. In Case 
3 a bony septum transfixed the cord to the 
left of the midline and was so large that it 
could be palpated through the skin. ‘The sep- 
tum in Case 4 was bony, cartilaginous, and 
fibrous. In Case 1 the septum transfixing 
the cord was entirely fibrous while the bony 
spicule arising from the floor of the spinal 
canal only penetrated the spinal cord ante- 
riorly to a depth of about 5 millimeters. ‘The 
cleft in the spinal cord lay in its center in 
3 cases, and in Cases 3 and 5 the spinal cord 
was asymmetrically divided, one half being 
larger than the other. When the cord was 
divided in symmetrical halves, the ipsilateral 
nerve roots arose from each portion. In Case 
3 the posterior roots arose from each respec- 
tive half of the split cord while the anterior 
roots arose entirely from the larger of the 
two halves and passed above and below the 
central septum and anterior to the smaller 
half of the cord to meet with the posterior 
roots. 

Since none of these patients died, there 
has been no opportunity to examine histo- 
logically the abnormal neural structures. 
Such studies on myelodysplasias of various 
types have been reported in the literature, 
and I wish to refer to the studies of von 
Recklinghausen, Wieting, Bruce, M’Don- 
ald, and Pirie (2, 3), Zalewska-Ploska, Kino, 
Weil and Matthews, Lichtenstein, Benstead, 
and others. They report multiple distortions 
of the spinal cord structures but no actual 
duplication. 

It is believed that the embryologic defect 
producing diastematomyelia occurs during 
the fourth week of gestation during the for- 
mation of the neural tube from the medul- 
lary plate. According to the experimental 
work of Speman, Needham, and others, as 
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brought out by Campbell and others, the 
mesenchyme derived from the mesoderm of 
the supporting somites has the prime func- 
tion of inducing neural tube formation in 
addition to supporting and insulating it. 
Thus the various types of myelodysplasias 
may result from faulty mesenchymal induc- 
tion which could be secondary to environ- 
mental abnormalities interfering with the 
direction of the morphogenetic movement. 
The various components of the vertebral 
column including the notochord and the 
dura arise from the primitive mesenchyme. 
Observations and experimental work on 
amphibia and birds have suggested that 
aberrant factors such as high temperatures 
have created reactions which led to abnor- 
mal neural ectodermal induction. Similar 
adverse influences may be responsible for 
spinal dysraphism in man. 

Results. Follow-up examinations of these 
patients were carried out at regular intervals 
for periods of 8 months (Case 5) to 21% years 
(Case 1). The first 4 patients have shown 
some clinical improvement. ‘wo are asymp- 
tomatic while 2 others (Cases 2 and 3) still 
show a slight difference in size between 
their two lower extremities. Case 2 shows loss 
of motion of the toes on the left and anal- 
gesia of the corresponding leg and foot. The 
baby with the thoracic myelomeningocele 
developed a severe postoperative pseudo- 
monas infection of the cerebrospinal fluid 
pathways from which she recovered. How- 
ever, her hydrocephalus continued to in- 
crease. Following her recovery from menin- 
gitis, she exhibited a severe paraparesis with 
analgesia of both lower extremities. 
SUMMARY 

Five verified cases of diastematomyelia 
are reported. All cases presented various 
types of cutaneous defects such as hyper- 
trichosis, dermal sinus, or defective skin. 
One was associated with a thoracic myelo- 
meningocele and another with a lipoma. 
The neurologic disorders consisted of: (1) 
weakness in one or both lower extremities 
producing disturbances of gait and stance, 


(2) underdevelopment of one lowe: ex- 
tremity associated with (3) sensory los. and 
ulceration in the anesthetic area of the foot 
and toes, (4) reflex changes, and (5) im- 
paired function of the vesical and rectal 
sphincters. 

The preoperative roentgenologic findings 
were characteristic and showed spina bifida 
with fusiform widening of the spinal canal 
and the occasional presence of a density 
corresponding to a midline bony spicule 
arising from the anterior portion of the canal 
and extending into the canal. Myelography 
regularly outlined a midline septum which 
divided the subarachnoid space in two 
columns, usually over several segments. 

‘Treatment consisted of exposure of the 
defect through a laminectomy, removal of 
the midline fibrous, cartilaginous, or bony 
septum which split the spinal cord into two 
distinct structures, and mobilization of the 
split spinal cord. The patients have either 
improved clinically or failed to show pro- 
gression in their neurologic disorders. 
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AGENESIS OF THE SACRUM 


D. INNES WILLIAMS, M.Chir., M.D., F.R.C.S., and H. H. NIXON, F.R.C.S., London, England 


SINGLE CASsEs Of sacral agenesis have been re- 
ported from time to time in the literature, 
and Freedman was able to find 44 such rec- 
ords, adding 1 of his own. Our own experi- 
ence leads us to believe that the condition is 
rather more common than Freedman’s fig- 
ures would suggest, and a review of a series 
of personally investigated cases revealed 
several points of interest. It soon became 
clear that we should have to treat as sepa- 
rate groups the cases of a short sacrum as- 
sociated with rectal and anal deformities and 
those in which the bowel was normally 
formed although it might be functionally 
disturbed. In the latter group neurologic 
disturbances have been the chief feature of 
the symptomatology, while in the former 
the visceral nerve supply seemed often to be 
intact and the shortening of the sacrum was 
apparently not always due to true agenesis. 


SACRAL AGENESIS WITHOUT ANORECTAL ANOM- 
ALIES 


Eight patients exhibiting various degrees 
of true sacral agenesis have been available 
for study. All of these have been referred for 
examination on account of urinary symp- 
toms and have proved to have a neurogenic 
disorder of bladder function. The 8 patients 
have as their common factor a complete ab- 
sence of the lower sacral and coccygeal ele- 
ments; no case of simple absence of the coc- 
cyx has been included and the full number 
of lumbar vertebrae has been demonstrated 
in all. There has, however, been some varia- 


tion in the exact nature of the bony de- 


formity. 

In 3 cases, only 1 sacral vertebra was pres- 
ent, and that was poorly developed with a 
divided or partially divided body (Fig. 1); as 
a result the iliac bones were more closely ap- 
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proximated posteriorly than normal. De- 
spite the apparently limited area of sacro- 
iliac contact in these 3 cases, there has been 
very little evidence of instability of the pelvic 
ring, and the gait has been good. 

In 2 the sacral agenesis has been associated 
with a complex malformation of the fourth 
and fifth lumbar vertebrae causing some 
scoliosis (Fig. 2). In these the sacrum has 
been represented by not more than two seg- 
ments, though exact interpretation of the 
x-ray film is difficult. 

In the remaining 3 cases there have been 
3 sacral segments present, and no bony de- 
formity has been evident except for a slight 
laminal defect of the fifth lumbar vertebra 
(Fig. 3). 

Neuropathology. All the cases were in chil- 
dren, all of whom had had symptoms from 
birth or from the age at which their parents 
first concerned themselves with the child’s 
urinary control. The fact that there has been 
no instance of a late onset of symptoms is re- 
markable, since in other sacral deformities 
without meningocele which have been 
studied there has often been no evidence 
of nerve involvement until adolescence or 
adult life. For example, 4 patients have been 
examined whose sacrum, though complete in 
its number of segments, has been reduced in 
size and twisted into a curious “‘scoliotic” 
position: in these 4, urinary symptoms were 
first noticed at the ages of 10, 14, 40, and 54 
years. Similar histories were noted in some 
cases of sacral spina bifida occulta. Only | 
patient with sacral agenesis has come to 
postmortem, a girl dying at the age of 12 
years, having a complex malformation of the 
lumbosacral junction and rather more ex- 
tensive neurologic signs than the others. \Ve 
are indebted to Dr. R. Pugh, Pathologis: of 
St. Peter’s and St. Paul’s Hospitals, for ‘he 
following report: 
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Fic. 1. Sacral agenesis: sacrum represented by only 1 
complete vertebra, hemivertebra above. Girl aged 3 years 
with neurogenic bladder. 


The cervical and upper thoracic portions of the cord 
were softer than usual and were flattened from before 
backward and, on palpation, there was an obvious and 
quite severe degree of hydromyelia present. The right 
half of the cord appeared larger and also slightly softer 
than the left half. At the level of the eighth thoracic 
segment the cord divided into two distinct portions, 
asmaller left component and a larger right component 
which ran on down together for a short distance and 
then diverged slightly and carried on downward as 
two separate structures. At a point 3.5 centimeters 
below the division of the cord the two components 
were separated from each other by a rounded bar of 
fibrous almost cartilaginous tissue, 2 centimeters long 
and ().3 centimeters in diameter, which ran from before 
backward horizontally across the spinal canal, divid- 
ing it into two portions. There was, thus, a form of 
diasiematomyelia present. The left component of the 
cord was a rounded filamentous structure, 0.5 centi- 
meters in diameter at its upper end and 0.35 centi- 
metcrs in diameter at its lower end. It was of firm con- 
sistency and no central canal was obvious on palpation 
or « ,uld be found on cross section. Several small rudi- 
me: (ary nerve roots emerged from the left side of this 
por'ion of cord, but none was seen emerging from the 


rig! t side. The right component was a flattened oval 
str. ture, 1.3 by 0.3 centimeter in its maximum di- 


Fic. 2. Sacral agenesis with complex malformation of 
the lower lumbar vertebrae. Boy aged 10 years with 
neurogenic bladder. 


ameters at the upper end, and 0.8 by 0.2 centimeter 
at the lower end. It was of extremely soft consistency 
and its central canal, which was continuous above with 
the central canal of the cervical and upper thoracic 
portions of the cord, was obviously very considerably 
dilated. Normal sized nerve roots emerged from its 
lateral margin. Each component ended in a cauda 
equina at the level of the upper part of the second 
lumbar vertebra. 


Although the other patients probably did 
not suffer from such extensive lesions, it 
seems likely that in all of them a myelodys- 
plasia was present, rather than a specific in- 
terference with a few spinal roots. 

Clinical features. The bony deficiency pro- 
duces curiously little external deformity 
when coincident abnormalities of the lower 
lumbar spine are present. There may be 
flattening of the gluteal region and poor de- 
velopment of the natal cleft, but these are 
features which may well be overlooked on 
superficial examination. As in cases of spina 
bifida, a dimple is sometimes present in the 
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Fic. 3. Sacral agenesis. Lateral view showing a sacrum 
represented by 3 vertebrae. Boy aged 4 years with neuro- 
genic bladder. 


sacral region, and in 1 case there was a fibro- 
fatty pad of tissue. Palpation of the sacral 
area will at once betray the defect in the 
more advanced cases, though it is not easy 
to differentiate clinically the cases of agene- 
sis from those of ‘‘sacral scoliosis.””> When 
only the lower segments are missing, palpa- 
tion with a finger in the rectum is essential 
for clinical diagnosis. 

Minor abnormalities of the feet have re- 
quired orthopedic attention in 5 cases of this 
series, and 1 patient has a severe paralysis of 
1 leg with dislocation of the hip. Freedman 
found several examples of the latter deform- 
ity in his collected series and attributed it to 
the abnormal position of the os innominatum 
consequent upon sacral deficiency; it seems 
more likely to be a paralytic phenomenon, 
however, since it commonly accompanies 
all types of congenital spinal cord lesion. 

In spina bifida occulta and in spina bifida 
cystica causing only partial interference with 
the cord and nerve roots, it is often observed 
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that deformities of the legs and feet are pres- 
ent without any evidence of disturbaiice of 
the nerve supply to the bladder or bowels; 
while the contrary state, urinary in: onti- 
nence without limb deformity is rare. \Vhen 
the bony lesion is purely sacral, it mig!it be 
anticipated that the bladder would seldom 
escape and in fact no case of true sacral 
agenesis, involving more than one seginent, 
without bladder disorder has been seen by 
us or found in a search of the recent records 
at The Hospital for Sick Children. The cases 
collected by Freedman on the whole support 
this finding, and only those 2 recorded by 
Pouzet appear to have been without doubt 
free from urinary trouble. 

Severe constipation with absence of the 
normal sense of rectal distention has been 
the most common abnormality of the bowel 
and was present in 7 of the 10 patients. Con- 
stipation of this type represents the minimum 
disturbance of the innervation, and has been 
present without incontinence, but inconti- 
nence due to overflow with a relaxed anus 
was a feature of several cases at some time 
during the period of observation. As in other 
spinal cord lesions, a functional continence 
of feces may be achieved in the absence of 
proper nervous control. The anus in these 
children was seldom completely without 
tone, often it was closed at rest but took a 
long time to regain the closed position after 
digital dilatation. Some elements of the 
puborectalis sling were usually to be felt. 

In traumatic and in most congenital spinal 
cord lesions anesthesia of the perineum is a 
constant concomitant of the neurogenic blad- 
der, since the same nerve roots are involved, 
and use is often made of this observation in 
differentiating the neurologic disturbance 
from other causes of urinary retention or in- 
continence. In this series, however, norinal 
perineal sensation was present in 4 cases. 
This feature is not peculiar to sacral agenesis 
and has been observed in other purely sacral 
lesions, such as spina bifida cystica, spina 
bifida occulta, and sacral scoliosis. 

The type of bladder disturbance varied 
considerably from case to case and seemed 
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to bear no relation to the type of bony de- 
formity. As with the rectum, it is possible 
for some continence to be attained, even in 
the presence of a severe neurologic disturb- 
ance: One child has a trabeculated bladder 
with free reflux into grossly dilated ureters 
and a funnel-neck deformity, yet is now able 
to keep herself dry by regular manual ex- 
pression of urine. By contrast, there were 2 
cases in this series in which urethral resist- 
ance was minimal, so that urine dribbled 
away continuously from an empty bladder 
and the ureters suffered no back-pressure 
effects. Thus in 1 instance a continent child 
has severe renal damage, in another a hope- 
less incontinence is associated with an en- 
tirely normal upper urinary tract. The uro- 
logic findings in these cases could be paral- 
leled in other congenital spinal cord lesions, 
and a full discussion of them would be out of 
place in this report. 


SACRAL AGENESIS WITH ANORECTAL ANOMALY 


We were able to find 41 cases of imperfor- 
ate anus and rectum in the records of the past 
5 years in which the roentgenograms, al- 
though not made for the purpose, demon- 
strated the structure of the sacrum and lum- 
bar spine. The films have been examined 
with Dr. B. C. H. Ward of the Department 
of Radiology. Films of 25 babies with unre- 
lated conditions have also been studied as 
controls. 

Sacralization of a vertebra involves the de- 
velopment of several special features which 
may not all occur together. The level of the 
lumbosacral angle was taken as marking the 
beginning of the sacrum in this study because 
it is established before birth, as Keith (3) 
has shown, and can be identified on roent- 
genograms of the newborn as well as in older 
children. It is of course usually easy to recog- 
nize the upper limit of the sacrum in the an- 
teroposterior film by other criteria such as 
the presence of lateral masses, the variation 
in the width of the intervertebral spaces, and 
the level of the sacroiliac articulations, but 
the-e points may not be clear in roentgeno- 
grams taken soon after birth. The roentgeno- 
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Fic. 4. Vertebrae present in controls and cases of high 
and low anorectal anomaly. 


grams were sufficiently extensive to allow of 
the vertebrae being counted from the first 
thoracic in 13 and from the first cervical in 
15, confirming the relative rarity of abnor- 
malities, other than rib variations, above the 
lumbar region. Coccygeal vertebrae were 
visible in some but are not included in the 
discussion or the chart because their develop- 
ment is not always roentgenologically de- 
monstrable at birth. 

The anorectal malformations were 
grouped as high or low. In the former the 
bowel ended above the pelvic floor, with 
or without a fistulous opening (“imperforate 
rectum’’). In the latter the bowel passed 
through the pelvic floor but no normal anus 
was present although some form of abnormal 
opening was common (“‘imperforate anus’’). 

Figure 4 summarizes the main findings. 
In almost all the control cases the expected 
5 lumbar and 5 sacral vertebrae were pres- 
ent. Three of the 25 patients, however, had 
only 4 vertebrae in the sacrum but had an 
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extra “sixth” lumbar vertebra to make up 
the usual 10 vertebrae between the thorax 


and coccyx. This arrangement (failure of 


specialization of the twenty-fifth or usual 
first sacral vertebra) was observed in 5 per 
cent of white human spines by Keith (4) 
and is normal in early orthograde primates. 
The condition was called ‘‘epistasis’” by 
Gadow. 

There were 11 children with low anoma- 
lies, almost half of them had a normal spine 
with 5 lumbar and 5 sacral segments, but in 
as many Cases true sacral agenesis was pres- 
ent with suppression of segments. 

Thirty high anomalies were examined. It 
will be seen that about a third had a normal 
spine but that most of the others showed 
epistasis. ‘True agenesis of the sacrum with 
suppression of segments was only half as 
common. The frequency of epistasis is in 
keeping with the long backs and small but- 
tocks that these babies often have. 

It should be noted that the results of this 
study probably indicate an unduly high 
proportion of abnormalities in the low cases 
because many straightforward cases of ‘“‘ec- 
topic’ and ‘‘covered” anus were treated 
without roentgenologic investigation though 
in almost all “‘high” cases roentgenograms 


were taken to assess the level of the end of 


the gut. 

Bladder function is difficult to assess ac- 
curately in the newborn period, and perineal 
surgery may itself disturb this function by 
scar fixation of the bladder neck or even nerve 
damage. ‘The assessment in this series is in- 
complete for this reason. It is significant that 
none of the patients with true sacral agenesis 
with only 3 sacral segments has yet been 
proved to have normal bladder function—in 
3 it is definitely abnormal as in the cases of 
agenesis without anorectal abnormality de- 


scribed. However, of those with 4 sacri! seg- 
ments, 2 have definitely normal function 
and the younger ones have no symptoms 
as yet. 

Many of the patients with epistasis have 
normal function although in 1 baby a trabec- 
ulated bladder was demonstrated before any 
pelvic surgery was carried out. ‘Two others 
have proved deficiency of bladder function 
but the sacral segments, though present, were 
deformed. 

Stephens stated that a sacrum with 4 parts 
would probably be associated with normal 
development of the pelvic floor whereas a 
shorter one would often be associated with 
incomplete formation of the levator ani. This 
observation correlates with our findings. The 
former would include short sacrum due to 
epistasis or agenesis of 1 segment, and the 
latter only true sacral agenesis with suppres- 
sion of more segments. 

The practical conclusion to be drawn from 
this study is that a sacral deformity or true 
sacral agenesis with loss of more than 1 seg- 
ment is likely to be associated with bladder 
dysfunction; but that epistasis, which is a 
commoner finding in association with im- 
perforate rectum, can often occur with nor- 
mal bladder function. 


REFERENCES 


1. FREEDMAN, B. Congenital absence of the sacrum and 

coccyx; report of a case and review of the literature. 

Brit. J. Surg., 1950, 37: 299-303. 

Gapow, H. F. Evolution of the Vertebral Column. 

P. 253. New York: Cambridge University Press, 1933. 

3. Kerrn, Str A. Human Morphology and Embryology. 
6th ed., p. 87. London: Edward Arnold & Co., 1948. 

4. Idem. The extent to which the posterior segments of 
the body have been transmuted and suppressed in the 
evolution of man and allied primates. J. Anat., Lond., 
1903, 37: 18. 

5. Pouzer, F. Les anomalies de développement du 
sacrum. Lyon chir., 1938, 35: 371-373. 

6. SrepHens, F. D. Congenital imperforate rectum, 


tN 


recto-urethral and recto-vaginal fistulae. Austral. N. 
Zealand J. Surg., 1953, 22: 161. 








AC 
PRE: 
FOL 


JOSE! 
LYLE 


SINCE 
interc 
ject ¢ 
functi 
Stu 
vario 
preta 
existe 
muni 
that 
and 
and ' 
Fu 
extra 
ring 
pend 
coro! 
stud 
press 
occht 
evali 
the | 
cula 
pres 
arte} 
intel 
Fi 
dem 
Mo 
first 
Fre 
Hosp 
sota, 
Sul 
Philo 
Su 
Amer 
ice (C 
Univ 
Minr 

















4 CORRELATIVE STUDY OF PERIPHERAL CORONARY 


PRESSURES AND CORONARY ARTERIOGRAPHY 
FOLLOWING CORONARY OCCLUSION 


JOSEPH J. GARAMELLA, M.D., Ph.D., VANE P. GEORGE, JR., M.D., and 
LYLE J. HAY, M.D., Ph.D., F.A.C.S., Minneapolis, Minnesota 


SINCE FIRST DESCRIBED by Lower in 1669 the 
intercoronary circulation has been the sub- 
ject of extensive clinical, anatomic, and 
functional investigation. 

Studies of human and animal hearts by 
various methods have led to diverse inter- 
pretations and conclusions relative to the 
existence and function of intercoronary com- 
munications. Accordingly, it was believed 
that the correlation of an in vivo anatomic 
and functional study would be of interest 
and value in clarifying the subject. 

Furthermore, since the function of the 
extracoronary circulation naturally occur- 
ring or surgically produced may vary de- 
pending on the functional state of the inter- 
coronary circulation, it seemed necessary to 
study the changes in peripheral coronary 
pressures before, during, and after coronary 
occlusion. The study was undertaken to 
evaluate the time, rate, and magnitude of 
the development of the intercoronary cir- 
culation by means of peripheral coronary 
pressure determinations and by coronary 
arteriography done before and at varying 
intervals following coronary artery ligation. 

Following the concept of radiographic 
demonstration of vascular structures by 
Moniz and Dos Santos, Rousthéi was the 
first to visualize the coronary arteries in the 
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living animal, rabbits, dogs, and monkeys. 
Others have subsequently reported coronary 
arteriography in living animals. Human 
studies first reported by Radner in 1945 
have had additional clinical trials. ‘The in- 
terested reader is referred to the compre- 
hensive report of Di Guglielmo. 


MATERIALS AND METHODS 


Unselected mongrel dogs ranging be- 
tween 2 and 23 kilograms were anesthetized 
with intravenous nembutal (veterinarian), 
30.8 milligrams per kilogram of body weight. 
Animals were intubated and the endotra- 
cheal tube was connected to a mechanical 
respirator. ‘Thoracotomies for acute coro- 
nary artery ligation and for peripheral coro- 
nary pressure studies were done through 
the left fourth or fifth interspaces. The peri- 
cardium was incised anterior to the phrenic 
nerve and retracted. ‘The left coronary ar- 
tery was identified and all principal 
branches, the septal, left anterior descend- 
ing, and circumflex were identified before 
ligation which was done distal to the septal 
artery in all instances. In performing peri- 
pheral coronary pressure determinations a 
19 to 21 gauge needle attached to a poly- 
ethylene catheter was directed into a major 
branch of the left anterior descending branch 
of the left coronary artery, connected to a 
Statham strain gauge (P23A), and readings 
were taken on a Sanborn polyviso recorder. 
Continuous pressure tracings were made be- 
fore, during, and after acute coronary ar- 
tery ligation. Animals surviving acute liga- 
tion in this and allied study groups were 
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TABLE I.—PERIPHERAL CORONARY PRESSURES FOLLOWING ACUTE LIGATION L. A. D.* 


Pulm. 


art. 


Aortic 


Control 


*L.A.D., Left anterior descending branch. 
+P.C.P., Peripheral coronary pressure. 
{Previous cardiopneumopexy. 
Previous cardiopneumopexy with segmental resection followed by ligation of left anterior descending branch, 
§Sensitivity reaction to dye. Cardiac arrest under fluoroscopy. Resuscitation, P.C.P. taken after resuscitation. 


age OF os 


7 min. 


10/8 
9/8 
7/6 

15/8 
3/2. 
6/6 
8/7 


1/.7 
16/12 
26/19 


No. pressure pressure P.C.P.t 5 sec. 30 sec. 
650 — 86/75 94/86 15/11 
641 12/8 86/83 68/64 15/11 
655 8/6 75/71 94/92 18/18 3/3 
658 7/2 124/120 139/135 9/9 
642 8/5 86/82 98/94 3/3 3/5 
648 < 95/87 113/106 3/3 
657 8/3 94/90 130/120 15/11 4/3 
659 11/8 101/98 101/94 7/6 
667 26/15 130/122 126/102 7/3 a7 79 
665 20/8 109/102 102/95 7/3 + =14/12 
819 29/15 153/131 124/109 34/28 26/17 
817 26/9 131/112 83/71 38/19 6/5 

*L.A.D., Left anterior descending branch. 

tP.C.P., Peripheral coronary pressure. 

V.F., Ventricular fibrillation. 

D, Died. 

TABLE II. 

Dog Date of liga- Days interval to 
No. tion of L.A.D.* study of PCP.F 
659 9-14-55 1 
653 9-6-55 6 
653 9-6-55 13 
642 8-24-55 20 
647 8-24-55 21 
622 8-3-55 37 
595t 8-29-55 44 
598} 8-29-55 44 
620|| 9-1-55 50 
602 || 8-29-55 50 
604 || 8-29-55 50 
614|| 8-31-55 50 
634 8-15-55 64 
630 8-11-55 66 
568 7-20-55 82 
563 6-20-55 112 


2 min. 
15/10 
10/8 
10/9 
5/5 
13/8 
1/1 
6/6 
10/9 


BN 
16/12 
15/14 


3 min. 


8/7 
8/7 
11/11 
10/6 
1/1 
7/4 
10/9 


9/8 
9/8 


Aortic pres., 


mm. Hg 
112/105 


78/75 
60/56 
78/75 
82/78 
90/79 
71/64 
83/79 
71/64 
45/41 
86/83 
34/25 
124/120 
71/64 
94/83 


subjects for peripheral coronary pressure 
determinations at varying time intervals. 
Chronic peripheral coronary pressure stud- 
ies were immediately preceded by coro- 
nary arteriography. 

Coronary arteriography was done by the 
transcarotid route at various intervals fol- 
lowing coronary artery ligation. A small in- 
cision was made in the right paratracheal 
region. The carotid artery was isolated and 
ligated distally. A polyethylene catheter 
containing a radiopaque ureteral stilet was 
inserted into the carotid artery proximal to 
ligation and directed centrally. A loose liga- 


PGP. 


circumflex, 


mm. Hg 


82/78 
75/71 
56/54 
67/56 
48/45 
86/83 
71/48 
83/71 
90/75 
75/60 
94/79 
42/34 
75/71 
68/64 
86/71 


8/6 
5/4. 3/3 3/3 
7/6 7/6 7/6 
6/5 
Top U/l 3/3 
7/4 8/6 8/6 
24/9 24/9 
4/0 
4/3 2/2 3/2 
S/2 274 272 


8 min. 
13/10 
3/2 2/2 
7/6 

13/13 
13/8 7/4 
8/6 8/6 
21/10 21/10 
3/2. 2/2 
4/3 6/5 


PCP. 
L.A.D., 
mm. Hg 

4/0 
60/52 
58/41 
52/50 
67/56 
52/48 
83/68 
64/60 
94/90 
90/83 
56/49 
94/90 
42/34 
60/56 
71/68 
83/56 


mm. Hg and related time intervals following occlusion —_____ 
4 min. 5 min. 6 min. 7 min. 


9 min. 10min. Result 
19/16 D 4 hours 
2/2 2/1 V.F 16 min. 
Vi .7 min, 
13/13 11/11 D 24 hours 
14/12 Survival 
V.F.9 min. 
9/8 9/8 D 24 hours 
21/10 21/10 Died sur- 
gery 24 
hours 
V.b. 2 min. 
V.E.4 min, 
2/2 2/2 V.F. 10% 
min, 
6/5 2/2 V.F.10% 


min, 


PERIPHERAL CORONARY PRESSURES DISTAL TO OCCLUDED SITES 


Visualization of 
ligated L.A.D. by 
coronary arteriography 


+++ 


— (technical error) 
+(26 days) 


l++++++ 
or 


— (technical error) 


ture was placed around the artery and cath- 
eter centrally to prevent bleeding. Position- 
ing of the catheter at the base of the aorta 
was done under fluoroscopic control. Small 
doses of contrast media (urokon 70 per 
cent), 2 to 3 cubic centimeters, were used 
to confirm the position of the catheter. 


Three exposures were made in each sub- 


ject using 4 to 10 cubic centimeters of «on- 
trast media with each exposure (32 centi- 
meters tube distance, 1/60 second exposure, 
360 M.A., 50 to 65 K.V.). As will be -cen 
by the results the timing of the expo ure 
with the injection is important. 
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RESUL I'S 

Peripheral coronary pressure changes fol- 
lowing acute occlusion. In 12 consecutive 
studies, continuous peripheral coronary 
pressure tracings were made for 10 to 16 
minutes following acute coronary ligation. 
The peripheral coronary artery pressures 
in all instances fell to 8 millimeters of mer- 
cury or less (Table I). These low pressures 
recorded following acute ligation are more 
representative of mean pressures than sys- 
tolic and diastolic as charted. In most the 
fall of peripheral coronary pressure was pro- 
gressive, terminating in ventricular fibrilla- 
tion. Only 1 of this group survived beyond 
24 hours. This high mortality (91.7 per 
cent) was greater than that obtained in 
control ligations of the same artery, closed 
and open chest experiments, in a subsequent 
series of 78 dogs (55 per cent). In several 
studies there was a rise of peripheral coro- 
nary pressure following the abrupt fall, the 
maximum reading obtained being 24/9 
millimeters of mercury (dog 659). This 
animal died during a surgical procedure on 
the first postoperative day. 

Peripheral coronary pressure changes fol- 
lowing chronic occlusion of coronary arteries. 
In 16 experiments (Table II) in animals 
surviving acute coronary artery occlu- 
sion there was a progressive development 
of the intercoronary collateral circulation 
until approximately 3 weeks at which time 
the peripheral coronary artery pressure of 
the previously occluded vessel (left anterior 
descending branch) approached, equaled, 
or exceeded that of the measured unoc- 
cluded vessel (circumflex branch). It will be 
noted that the systemic pressures in these 
aninials with 2 exceptions were considerably 
lower than those obtained in the preceding 
experiments. Two possible explanations 


com: to mind. First, coronary arterio- 
graphy was done immediately preceding 
thor 1cotomy and study of peripheral coro- 
nar. pressures. A possible toxic factor 
relaied to the injection mass is suggested 
sinc mortality was encountered with this 
pro-edure. Secondly, the mechanism de- 
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Principal Variations in Location 
of the Septal Artery 
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Fic. 1. Schematic drawing of main coronary arteries 
and branches (dog). 


scribed by Murray may have been opera- 
tive, namely, that coronary artery occlusion 
with myocardial infarction is accompanied 
by incomplete emptying of the ventricle 
and paradoxic movement of the infarct 
area. This results in diminished cardiac 
output, lower blood pressure, diminished 
coronary pressures, and all the clinical ef- 
fects known in severe human coronary dis- 
ease. All animals in this chronic study 
group had developed severe myocardial in- 
farcts of the left ventricle, confirmed by 
autopsy. Both factors may have been opera- 
tive. 

Results of coronary arteriography. A sche- 
matic drawing of the coronary arteries 
(Fig. 1) is included as a guide for the arterio- 
grams. 

The results obtained in the study of coro- 
nary arteriography in normal dog hearts 
and following acute and chronic occlusion 
are portrayed in Figures 2, 3, 4, 5, 6, 7, and 
8 


DISCUSSION AND CONCLUSIONS 


Following acute ligation of a coronary 
artery in the dog, peripheral coronary pres- 
sures of the occluded vessel fall precipitously 
to levels of 8 millimeters of mercury or less. 
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Fic. 2. 





Fic. 3. Fic. 4. 


Fic. 2. a, Normal control coronary arteriogram (623) showing the right coronary artery and the 
left coronary artery with the principal branches, the septal, left anterior descending, and circum- 
flex. b, Normal control coronary arteriogram (693). The principal branches of the left coronary 
artery, the septal, left anterior descending, and the circumflex are demonstrated. The right coronary 
artery is not visualized. 

Fic. 3. Coronary arteriogram 30 minutes after acute ligation of left anterior descending branch 
which fails to fill in the contrast study. 

Fic. 4. Coronary arteriogram (653) 6 days after ligation of left anterior descending branch, which 
is nevertheless visualized although attenuated contrasted to the normal septal and circumflex branches. 
Peripheral coronary pressure in the ligated vessel had not returned to normal (Table IT). 
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a b Cc 
Fic. 6. 


Fic. 5. a, Coronary arteriogram (642) 20 days following ligation of the left anterior descending 
branch. Incomplete filling of the ligated vessel is noted. b, A different exposure of the same subject 
shows complete filling of the ligated vessel in which peripheral coronary pressure was approaching 
normal (Table II). The timing factor of injection and exposure is obviously important. 

Fic. 6. a, b, and c, Coronary arteriograms 622, 604, and 614 done 26, 50, and 59 days respectively 
following ligation of the left anterior descending branch of the left coronary artery. Note: (1) vis- 
ualization of the previously ligated artery and (2) increase in the intercoronary communications. 
Peripheral pressures had returned to normal in 622 and 614 (Table IT). 


These low levels may be sustained, may rise | Mautz and Eckstein and Leighninger who 
slightly, or fall progressively indicating that _ reported initial readings immediately after 
the function of already existing intercoro- occlusion in the range of 30/20 millimeters 
narics is limited. The initial readings im- — of mercury. An explanation for this differ- 
mediately after coronary artery ligation are —- ence _is not immediately apparent. Possi- 


appreciably lower and at variance with bilities are the measuring apparatus and 
thos: reported by Gregg, Thornton, and technical aspects reported by these authors 
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Fic. 7. Coronary arteriogram (563) 112 days following 
ligation of left anterior descending branch. Only the left 
circumflex artery is visualized even though the peripheral 
coronary pressure in the ligated vessel was essentially 
equal to that of the circumflex artery (Table II). Dif- 
ferent timing of exposure and injection of the contrast 
media would probably have shown filling of the previ- 
ously occluded artery. This is due to the phasic filling of 
occluded arteries (83). 


such as the control of systemic pressure at 
approximately 100 millimeters of mercury 
by adjustable clamps around the aorta and 
the infusion of blood and solutions. 

Gregg gave no explanation for the differ- 
ent results. Possible factors may be (1) the 
method for determining the true zero, (2) 
intermittent occlusion of the needle in the 
coronary artery during the cardiac cycle, 
(3) air bubbles in the recording system, and 
(4) systemic blood pressure which may 
modify coronary artery pressures. None of 
these factors was overlooked in the periph- 
eral coronary pressure determinations. It 
is possible that in this particular group of 
12 consecutive dog studies, not selected 
survivors, the intercoronary circulation was 
minimally developed. This fact could ac- 
count for the low peripheral coronary pres- 
sures obtained following coronary artery 
ligation and also the high mortality in this 
group (91.7 per cent). Once again the 
variations in the consequences of coronary 
artery ligation are emphasized. Simultane- 


ous recording of systemic pressure with 
peripheral coronary pressure followiny liga- 
tion may have helped to delineate tiie sig- 
nificance of a constant systemic pressure as 
was maintained in the experiments of (iregg, 
Thornton, and Mautz and Eckstein and 
Leighninger. 

Immediately (30 minutes) following coro- 
nary artery ligation, coronary arteriography 
failed to demonstrate the occluded vessel. 
This method of demonstrating intercoro- 
naries, though simpler, would appear to be 
less sensitive than the methods of Prinz- 
metal using fluorescein and _ radioactive 
erythrocytes. 

At various intervals (1 to 112 days) fol- 
lowing acute coronary artery ligation in 
surviving dogs determinations of periph- 
eral coronary pressures in the previously 
ligated vessel (left anterior descending 
branch) show that this modality acquires 
a magnitude equal to that of an unligated 
coronary artery (circumflex) in approxi- 
mately 3 weeks. These data are in agree- 
ment with former allied studies by Mautz 
and Gregg. The development of the inter- 
coronary circulation as demonstrated by 
coronary arteriography paralleled the rise 
of peripheral coronary pressures in the oc- 
cluded coronary artery. The left anterior 
descending branch was first demonstrated 
by arteriography 6 days (Fig. 4) following 
ligation. It is possible that this phenomenon 
could be demonstrated at earlier dates al- 
though studies at such intervals were lack- 
ing. 

The practical significance of these find- 
ings may be applied to the following: 

1. The production of apparently normal 
arteriograms in the presence of occluded 
arteries suggests limitations of the method 
as a means of clinical diagnosis. Additional 
experience and variations in pathology such 
as segmental occlusions may negate this 
feature. The need for multiple projec: ions 
with rapidly changing cassettes is born« out 
by the sequential rather than simultancous 
filling of intercoronary arteries and ob- 
structed arteries. Pressure curves of Gregg 








(7) st 
coron 

2. f 
in ter 
chron 
coron 
doom 
coron 
eral « 
retur! 
clude 
phen 
occlu 
probi 
nary 
chror 
serve 
elicite 

oe 
circu 
tery ¢ 
nary 
pally 
meta 
ably 
exist 

4.’ 
inter 
chro 
douh 
as te 
the ¢ 
may 
coro! 
since 
deve 
tion 
cont! 
sour‘ 
may 
syste 
sents 
norn 

3. 
circt 
prev 
denc 
tion 
Natu 





vith 


ind 


ro- 


»hy 








(7) support the phasic filling of occluded 
coronary arteries. 

2. Attempts to produce a physiologic need 
in terms of reduced pressure gradients by 
chronic progressive occlusion of a major 
coronary artery branch would appear 
doomed to failure inasmuch as the inter- 
coronary Circulation expands and _ periph- 
eral coronary pressures distal to occlusion 
return to levels similar to those of unoc- 
cluded vessels. It is likely that the same 
phenomenon would occur following chronic 
occlusion of the main coronary artery. It is 
probable that even though peripheral coro- 
nary pressures return to normal following 
chronic occlusion, the total coronary re- 
serve is reduced. This perhaps may be 
elicited by increasing cardiac work load. 

3. The development of the intercoronary 
circulation following chronic coronary ar- 
tery occlusion would suggest that extracoro- 
nary sources of blood, if governed princi- 
pally by pressure gradients rather than 
metabolites or nerve action, function vari- 
ably depending on the functional state of 
existing intercoronaries. 

4. The unmitigating manner in which the 
intercoronary circulation develops following 
chronic coronary artery occlusion casts 
doubt upon the validity of dependency tests 
as tests of revascularizing procedures since 
the coronary and intercoronary circulation 
may be adequate without blood from extra- 
coronary sources. Further, it is possible that 
since pressure gradients are abolished the 
development of the intercoronary circula- 
tion may be a limiting factor to the long- 
continued function of an extracoronary 
source of blood of a systemic nature. This 
may not apply for a graft of a lower pressure 
system such as the lung which usually pre- 
sents a pressure gradient relative to the 
norn:al or obstructed coronary arteries. 

5. The expansion of the intercoronary 
circulation as noted in this study and as 
prev ously reported requires emphasis and 
denc:es an inseparable and reciprocal rela- 
tion to an extracoronary blood source, 
naturally occurring or surgically produced. 
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Fic. 8. Coronary arteriogram (620) 50 days after liga- 
tion of the left anterior descending branch. Partial filling 
of the ligated vessel is noted although the peripheral cor- 
onary pressure of the ligated vessel was normal (Table II). 


6. The fall in peripheral coronary pres- 
sure following acute coronary occlusion of- 
fers a pathophysiologic basis for directional 
blood flow from an extracoronary source 
to the coronary bed (5). 


SUMMARY 


1. Peripheral coronary pressure deter- 
minations were made before, during, and 
after acute coronary artery ligation. 

2. The low pressure readings obtained 
suggest a marked limitation of existing 
functional intercoronary arteries. 

3. Peripheral coronary pressure determi- 
nations in chronically occluded coronary 
arteries show that this modality returns to 
levels of unoccluded neighboring arteries in 
approximately 3 weeks. 

4. The findings by coronary arteriography 
done at varying times following coronary 
artery ligation paralleled the peripheral 
coronary pressure readings. 

5. The significance of these findings is 
discussed as applied to: clinical coronary 
arteriography, attempts to establish a phys- 
iologic need by chronic occlusion, the valid- 
ity of dependency tests, and the reciprocal 
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relationship between coronary and extra- 
coronary blood sources. 
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NUCLEAR STRUCTURE IN CANCER TISSUES 


MAURICE M. BLACK, M.D., and FRANCIS D. SPEER, M.D., New York, New York 


Our LABORATORY has been engaged in an 
attempt to identify the unique structural 
features of cancer tissues and their regional 
lymph nodes which define or are correlated 
with the survival of cancer patients. Pre- 
viously it had been found that prolonged 
survivals in breast and gastric cancers were 
associated with nuclear differentiation and 
lymphoid infiltration in the primary tumors 
and sinus histiocytosis of the regional lymph 
nodes (1-5). 

The present study represents an extended 
and more detailed evaluation of nuclear 
structure in human cancer tissues. An at- 
tempt was made to answer the following 
questions: What is the extent of nuclear 
variability among cancer cases? What is the 
relation between nuclear structure and sur- 
vival? Does the nuclear structure of cancer 
tissue remain constant? 


MATERIAL AND METHODS 


An examination was made of the micro- 
scopic structure of 1,829 primary cancers 
representing 42 different cancer types. ‘The 
tumors were mostly from the surgical pathol- 
ogy files of the Flower and Fifth Avenue 
Hospitals and the sections had been pre- 
pared by routine formalin fixation and hem- 
atoxylin and eosinstaining. Thenuclear struc- 
tures were classified from 0 to 4 according 
to their degree of differentiation in a man- 
ner previously described. Nuclei showing a 
high degree of similarity, no chromatin 
clumping or condensation, and absent or 
minimal nucleoli were assigned a nuclear 
grade of 3 or 4. In contrast, anisonucleosis, 
chromatin clumping prominent nucleoli, 
and mitotic figures were taken as criteria 
of nuclear anaplasia and graded 0 or 1. 

From the Department of Pathology, New York Medical Col- 
lege, Flower and Fifth Avenue Hospitals, New York. 


_This study was aided by a grant from the Ray and Charles 
Newman Foundation. 
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These latter features are characteristically 
representative of the cytologic criteria of 
malignancy. Intermediate degrees of nuclear 
chromatism and nucleolar prominence were 
assigned a grade of 2. 

An evaluation was made of the relative 
frequency of the various nuclear grades with- 
in the different cancer types and in the 
entire series. Of the total series, 392 pa- 
tients were known to have survived a mini- 
mum of 5 years postoperatively while 310 
patients died of the disease within 6 months 
of diagnosis. ‘These two subgroups were 
utilized to obtain information regarding the 
relationship between survival and nuclear 
structure. In addition, an examination was 
made of the microscopic structure of 142 
recurrent cancers in which the original bi- 
opsy was available for comparison. 


RESULTS 


Table I presents the per cent incidence of 
the various degrees of nuclear differentiation 
found among different cancer types as well 
as in the total series. It is clear that the 
nuclei of cancer cells did not invariably ex- 
hibit the criteria of malignancy. In the total 
series only 58 per cent of the patients had 
truly anaplastic nuclei (N grades 0 and 1). 
In 28 per cent, the nuclear structure had a 
moderate degree of differentiation (N grade 
2), while a high degree of nuclear differenti- 
ation was found in 14 per cent of the series 
(N grades 3 and 4). 

Well differentiated nuclei were found in 
an appreciable percentage of the cancers of 
the thyroid, breast, bladder, and prostate. 
However, all of the cancer types examined 
had examples of tumor tissues composed of 
well differentiated cells lacking nuclear ana- 
plasia. Such cases could not have been iden- 
tified as cancer on the basis of their cytologic 
features alone. 
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Fic. 1. Per cent postoperative survival of patients with 
cancers of diverse types in relation to their degree of 
nuclear differentiation. 


Of the cases studied, 392 patients were 
known to have survived a minimum of 5 
years after the original biopsy and treat- 
ment. The distribution of nuclear grades 
within this group is indicated in Table II. 
It should be noted that these cases included 
diverse types of cancer. The incidence of 
highly anaplastic nuclei among these cases 
was less than was encountered in the total 
series, viz., 34 per cent as compared to 58 
per cent respectively. Conversely, the inci- 
dence of highly differentiated nuclei was 


TABLE I.—NUCLEAR GRADE IN HUMAN CANCER 


TISSUE 

—N grade, per cent_— 
Tumor type No. 0-1 Zz 3-4 
a eC eae 1829 58 28 14 
Ee eran 42 62 21 17 
Breast, female.......... 869 49 30 20 
re 45 71 27 2 
MMR oe ata tale viv oes 310 60 31 9 
Ce ere 70 93 6 1 
i CORON TE 44 61 30 9 
PEN cin 408sen arate 27 71 22 7 
ee 160 65 30 5 
Frome uteri... one cuss 34 42 51 9 


July 1957 





greater than in the total series; 31 per cent 
as compared to 14 per cent respectively, 
Thus, cancers having a better than average 
survival were characterized by a higher de- 
gree of nuclear differentiation and a lower 
frequency of anaplastic nuclei than the gen- 
eral population of cancer cases. 

Of the total series, 186 patients were 
known to have died of their disease within 
1 year of the time of biopsy and initial 
treatment. These cases plus cancer tissues 
obtained from 124 autopsies were evaluated 
as to their nuclear structure. This combined 
group represented more than 30 different 
cancer types. The data obtained are pre- 
sented in Table II. The nuclear structure 
of this group was characterized by a virtual 
absence of highly differentiated nuclei. The 
low incidence of differentiated nuclei in this 
series as compared to the total series and the 
long survival series suggested that nuclear 
anaplasia was associated with a poor prog- 
nosis. 

The correlation between N grade and 
survival was studied in the total series and 
in various subgroups. Figure 1 presents the 
survival curves obtained in reference to nu- 
clear grade but without regard to cancer 
type, curability, or other structural features 
of possible prognostic significance. Despite 
the diversity of cancer types in each of the 
nuclear grades there was a definite correla- 
tion between N grade and survival. The 
time for 50 per cent of the different nuclear 
populations to die (LT 50) was found to be 
2.2 and 5.8 years for N grades 0-1 and 2 
respectively. Of the N grade 3-4 group, 
only 15 per cent were dead 6 years post- 
operatively. 

The analogous curves obtained upon sep- 
arate analysis of colon and breast cancer 
cases are presented in Figures 2 and 3. These 
data also show differences in the survival 
curves in relation to the N grade. It will be 
noted, however, that the survivals were ap- 
parently much greater in the breast series 
as compared to the analogous N grade curves 
in the colon series. Figure 4 presents the 
N grade survival curves for breast cancer 
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Fic. 2. Per cent postoperative survival of patients with 
colon carcinomas in relation to their degree of nuclear 
differentiation. 








patients lacking sinus histiocytosis of their 
regional lymph nodes and lymphoid infil- 
trate of the primary tumor. These data 
provide a more adequate control to the colon 
cancer series since such prognostically signif- 
icant structural features are rarely observed 
in colon cancers. The resulting survival 
curves are now seen to be more similar to 
those of the colon. 

In order to remove the influence of cura- 
tive therapy on the N grade survival rela- 
tionship, we constructed the analogous curves 
for those patients known to have died of 
their disease. The data obtained are in- 
dicated in Figures 5 and 6. It is evident 
that a relationship between N grade and 
survival still persisted in both the colon and 
breast cancer series. However, the slopes of 
the survival curves in the breast series (Fig. 6) 
were not markedly different from those in 
Figure 4. In contrast, the curves in the colon 
cancer cases had a far more rapid fall (Fig. 
5 as compared to Fig. 2). 
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The stepwise progression of the N grade 
3—4 curve and the similar but less marked 
feature in the N grade 2 curve as contrasted 
to the straightness of the N grade 0-1 curve 
suggested that there might be a loss of nu- 
clear differentiation with time. This was 
also suggested by the infrequency of well 
differentiated nuclei in autopsy material and 
among patients dying within 1 year after 
biopsy. In order to test this possibility a 
comparison was made of the nuclear struc- 
ture in primary and recurrent lesions. Does 
the nuclear structure of cancer tissues re- 
main constant? 

In 88 cases repeat biopsies or autopsy 
material were available for comparison with 
the original tissue specimen. In some cases 


TABLE II.—PER CENT INCIDENCE OF NUCLEAR 
GRADES IN RELATION TO SURVIVAL 
——N grade, per cent_— 


Series No. 0-1 2 #4 
WMS cot ecco ca auen 1829 58 28 14 
D0 ee 310 85 15 1 
Living—5 yrs. .......... 392 34 36 31 
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Fic. 4. Per cent postoperative survival of patients with 
breast carcinomas, lacking lymphoid infiltration in the 
primary tumor and sinus histiocytosis of their axillary 
nodes, in relation to their degree of nuclear differen- 
tiation. 


more than 1 recurrence was obtained. In 
Table III we have indicated the changes 
in nuclear grade encountered in the recur- 
rent cancer tissues. The various data may 
be considered according to the nuclear struc- 
ture of the original biopsy. 

Recurrent tumor tissues were studied from 
12 cases of diverse cancers having well dif- 
ferentiated nuclei in the primary tumors. 
‘The recurrences represented biopsy and au- 
topsy material and were obtained from sev- 
eral months to 17 years after the original 
biopsies. In 4 cases, more than 1 recurrence 
was available for study yielding a total of 
19 recurrent lesions. 


TABLE III.—CHANGES IN NUCLEAR GRADE IN RE- 
CURRENT LESIONS 


—~N grade in recurrence. 


Primary tumor No. 0-1 Z 3-4 
N grade 

BOR: waicas seusven es 18 9 5 4 
Ri cake ig Pamiaeeie en si 25 i 7 1 
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In 8 of the 12 cases the nuclear structure 
of the recurrences was found to be ana- 
plastic. ‘These changes from the original nu- 
clear structure occurred from 1 to 15 years 
after the original biopsy. In 3 additional 
instances the recurrent tumors had nuclear 
grades of 2. ‘Table III presents the details 
of the nuclear grades as found in the recur- 
rent lesions. ‘The tendency for progressive 
nuclear anaplasia is evident in these data. 
In no instance did a preterminal biopsy 
(6 months before death) or autopsy speci- 
men fail to disclose a lower N grade than 
the primary tumor. It would seem that can- 
cer patients having well differentiated nu- 
clei died of their disease only after progres- 
sive anaplasia of their nuclei. 

Recurrent lesions were available in 25 
cases whose original N grade was 2. In 17 
cases the nuclear grade of the recurrences 
was 0 or 1. These changes occurred within 
a few months to 7 years. Fifty per cent of 
the cases were found to have undergone 
such nuclear change within a period of 4 
years. In only 1 instance was the recurrence 
found to be N grade 3. 

Recurrent lesions were obtained in 41 
cases whose original N grade was 0 or 1. 
In 4 cases the recurrences were graded as 
2. In no instance was a recurrence graded 
as 3. 


COMMENTS 


The data obtained in this study permit 
some conclusions of general interest to the 
phenomenon of malignant neoplasia and pro- 
vide at least partial answers to the questions 
which were posed at the beginning of the 
investigation. 

Cancer tissues of diverse types were found 
to exhibit differences in their degree of nu- 
clear differentiation. Such variations in nu- 
clear differentiation were encountered in the 
vast majority of the different cancer types. 
It would thus appear that the cancerous 
transformation of tissues is not necessarily 
associated with the structural characteris 
tics commonly referred to as the cytologic 
criteria of cancer. 
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Fic. 5. Per cent postoperative survival of patients with 
colon carcinomas, known to have died of their disease, 
in relation to the degree of nuclear differentiation 
present. 


The nuclei of cancer tissues obtained at 
autopsy or from those patients known to 
have died within 1 year after the original 
biopsy were predominantly anaplastic (85 
per cent). Less than 1 per cent of them had 
well differentiated nuclei. In contrast, al- 
most one-third of the patients known to have 
survived for 5 years or longer had highly 
differentiated nuclei. Thus, nuclear variabil- 
ity was less among those patients grouped 
according to their subsequent survival (Table 
II) then among the total series. These data 
confirm our previous observations on breast 
and gastric carcinomas and indicate the 
existence of a general relationship between 
nuclear structure and the lethality of cancer. 

The relationship between N grade and 
survival (Figs. 1 through 7) demonstrated 
that the lethality of cancer is directly related 
to the nuclear structure. This relationship 
may be modified by, but is not dependent 
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Fic. 6. Per cent postoperative survival with breast car- 
cinomas. Lymphoid infiltration was lacking in the pri- 
mary tumor and sinus histiocytosis, in the axillary lymph 
nodes, and patients known to have died of their disease. 


on, curability. It is noteworthy that in the 
colon cancer series a distinct flattening of 
the survival curves was found in the total 
series but not in the groups known to have 
died of their disease. In the breast cancer 
series such a difference between the total 
and the dead series was minimal. These 
data would suggest that curative therapy 
limited the lethality of the colon cancers 
whereas such an effect was not clearly de- 
monstrable for the breast cancer cases. 

In those patients known to have died of 
their disease the lethality (death rate) of the 
N grade 2 and N grade 3-4 series increased 
with time and approached that of the N 
grade 0-1 cases. This finding suggested that 
the increasing lethality might reflect pro- 
gressive anaplasia of the differentiated nu- 
clei, a possibility which was consistent with 
the infrequency of differentiated nuclei in 
preterminal and autopsy specimens. Direct 
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support for this suggestion was provided by 
a comparison of the nuclear structure in 
primary and recurrent lesions. 

Since the origin of cancer or its ability 
to metastasize was not found to be dependent 
upon nuclear anaplasia, the essence of malig- 
nant neoplasia appears to be a more subtle 
cellular alteration than overt microscopic 
changes in the nuclei. This conclusion would 
be consistent with the hypothesis of Green 
which suggests that the essential change in 
cancer is a loss of ‘‘identity proteins” of the 
cell allowing for heterotopic compatability. 
However, the lethality of the disease does 
appear to be related to nuclear anaplasia. 

The various data obtained in the present 
study would justify the following statements: 
(1) Individual cancer cases vary in their 
degree of nuclear differentiation. (2) Nu- 
clear differentiation is not inconsistent with 
invasion and metastases. (3) The degree of 
nuclear differentiation of cancer tissues may 
be correlated with lethality as expressed by 
the survival curves, the per cent 5 year 
survival, and the LT 50 value. (4) This 
relationship is not dependent upon curability 
alone since it obtains in those patients subse- 
quently dying of their disease. (5) In cancer 
patients dying of their disease the death 
rate is most uniform for the N grade 0-1 
group whereas the death rate’of patients 
with differentiated nuclei increases with time 
and approaches that in the N grade 0-1 
cases. (6) Recurrent tumors tend to exhibit 
a progressive anaplasia of their nuclear struc- 
ture. (7) The nuclear grade may be con- 
sidered as a structural representation of the 
lethality of the tumor. (8) The present study 
has not indicated those factors responsible 
for the existence of different nuclear grades 
or the mechanism of increasing nuclear 
anaplasia. 


SUMMARY 


The nuclear structures of 1,829 primary 
cancers were studied and graded in terms 
of their degree of differentiation. Similar 


studies were also made of recurrent lesions 
and cancer tissues obtained at autopsy. 

Survival curves were plotted in relation 
to the degree of nuclear differentiation (N 
grade). The data indicated that: 

1. Individual cancer cases vary in their 
degree of nuclear differentiation. 

2. Nuclear differentiation is not incon- 
sistent with invasion and metastases. 

3. The degree of nuclear differentiation 
of cancer tissues may be correlated with 
lethality as expressed by the survival curves, 
the per cent 5 year survival, and the LT 
50 value. 

4. This relationship is not dependent 
upon curability alone since it obtains in 
those patients subsequently dying of their 
disease. 

5. Incancer patients dying of their disease 
the death rate is most uniform for the N 
grade 0-1 group whereas the death rate in 
cases with differentiated nuclei increases 
with time and approaches that of the N 
grade 0-1 cases. 

6. Recurrent tumors tend to exhibit a 
progressive anaplasia of nuclear structure. 

7. The nuclear grade may be considered 
as a structural representation of the lethality 
of the tumor. 

8. The present study has not indicated 
those factors responsible for the existence 
of different nuclear grades or the mechanism 
of increasing nuclear anaplasia. 
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PANCREATIC FAT NECROSIS 


VI. Dextran 


PREVENTION OF EXPERIMENTAL 





H. L. POPPER, M.D., F.A.C.S., and H. NECHELES, M.D., Ph.D., F.A.C.P., Chicago, Illinois 


WE HAVE DEVELOPED a simple method by 
which abdominal fat necrosis, usually fatal 
(3-5), is induced in the majority of dogs. ‘The 
procedure consists of excision of the main 
pancreatic duct from the duodenum, to- 
gether with a collar of duodenal mucosa; the 
duct is left open and the duodenum is closed. 
We have tried to prevent the development 
of this fat necrosis by the local application of 
various trypsin or lipase inhibitors, injections 
of diamox, banthine, antihistamines, and 
various other substances. Only intraperito- 
neal application of sodium formaldehyde 
sulfoxylate and of quinine (both of which 
are lipase inhibitors) had marked beneficial 
effects; both lowered the incidence of fat 
necrosis from 85 to 38.5 per cent and the 
mortality from 80 to 30 per cent. These re- 
sults could not be improved by various com- 
binations of the drugs and were the best we 
were able to obtain (2, 6-9). 

Recently, experiments have been per- 
formed in our laboratory (1) to study the 
effect on pancreatic secretion of various in- 
travenous solutions and drugs used in the 
treatment of shock. This study was carried 
out in order to establish which of these sub- 
stances stimulated pancreatic secretion and, 
therefore, should be avoided in acute pan- 
creatitis, and which seemed recommendable 
for clinical use because of absence of stimula- 
tory effects on the pancreas. The intravenous 
administration of dextran was found to pro- 
duce a marked, long-lasting inhibition of 
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pancreatic secretion stimulated by secretin. 
On the basis of this observation, we decided 
to try intravenous dextran for its effect in our 
experimental procedure. These experiments 
were performed as described previously (3-5) 
on 20 healthy mongrel dogs of either sex, 
weighing between 5 and 13 kilograms. For 
the first 3 postoperative days, the dogs re- 
ceived daily 100 milliliters of 6 per cent 
dextran solution! intravenously and, as in all 
previous experiments, antibiotics intramus- 
cularly. Of the 20 dogs, 5 died with exten- 
sive fat necrosis, 4 on the second, and 1 on 
the sixth day after operation; 2 dogs, which 
were sacrificed on the fifth and sixth post- 
operative day respectively, showed a slight to 
moderate degree of abdominal fat necrosis. 
The remaining dogs were sacrificed after 6 
to 8 days and showed no fat necrosis what- 
soever. 

Thus, in 20 dogs fat necrosis developed in 
7 (35 per cent) and was fatal in 5 (25 per 
cent). This result is better than any previ- 
ously attained. Though some of this effect of 
dextran may be due to plasma extension, it 
probably is attributable mainly to inhibition 
of pancreatic secretion. These favorable re- 
sults call for the clinical trial of dextran in 
appropriate cases. Probably, its use will prove 
of value in cases in which the development 
of fat necrosis is threatening, as in pancreatic 
injuries and following operations on and near 
the pancreas (that is, pancreatic biopsies, re- 
moval of lesions of the pancreas, penetrating 
duodenal ulcer, and difficult closure of the 
duodenum in gastrectomy). It likewise 
should be of benefit in conditions in which 


16 per cent dextran in saline (gentran solution). 
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inhibition of pancreatic secretion is of pri- 
mary importance, for example, in acute 
pancreatitis and possibly pancreatic fistulas. 


SUMMARY 


The intravenous administration of dextran 
reduces the morbidity of experimental fat ne- 
crosis from 85 to 38.5 per cent and the mor- 
tality from 80 to 30 per cent. Clinical trial of 
intravenous administration of dextran seems 
advisable in acute pancreatitis, in traumatic 
and surgical injuries of the pancreas, and in 
pancreatic fistulas. 
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EDITORIALS 





PAINFUL POSTOPERATIVE SCARS 


JAMES C. WHITE, M.D., F.A.C.S., Boston, Massachusetts 


Most SURGEONS are not sufficiently aware of 
the relative frequency with which intensely 
disagreeable pain and hyperalgesia can fol- 
low routine operative incisions. This com- 
plication arises most frequently after opera- 
tions on the extremities, particularly in the 
region of the wrist, elbow, and groin; occa- 
sionally on removal of bone grafts from the 
tibia and iliac crest. It may also follow opera- 
tions on the kidney, inguinal herniorrhaphy, 
intercostal drainage for empyema, thora- 
cotomies, and paravertebral sympathecto- 
mies. 

When the surgeon injures a subcutaneous 
or intercostal nerve in making his incision 
or by forceful retraction, a neuroma-in-con- 
tinuity or terminal end-bulb is produced. 
Usually this causes the patient no inconven- 
ience beyond a narrow zone of hypesthesia 
or paresthesia which gradually fades. At 
times, however, the initial numbness or 
electrical tingling is replaced by a peculiarly 
disagreeable burning type of sensation dis- 
tributed over the course of the injured nerve. 
It may occur in spontaneous outbursts, often 
worse in cold, damp weather. Cutaneous 
stimuli evoke intensely disagreeable sensa- 
tions, which may be so severe that the pa- 
tient cannot even tolerate contact with cloth- 
ing or bed-sheets. Experience with veterans 
examined after the last war (soon to be pub- 
lished by the Veterans Administration under 
the editorship of Barnes Woodhall) has 
shown that a similar syndrome may follow 
partial injury or transection of any periph- 
eral nerve, often developing in the course 
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of imperfect regeneration after neurolysis or 
suture. A striking example was a_ profes- 
sional tennis player who had suffered a gun- 
shot wound of the tibial nerve and 5 years 
later was still unable to play or even to walk 
barefoot because of pain on pressure against 
the sole of his foot. Five hundred twenty- 
nine veterans out of a total 2,962 examined 
at various examining centers in the follow-up 
study of peripheral nerve injuries had com- 
plaints of hyperalgesia to a greater or lesser 
extent 3 to 7 years after neurolysis or suture. 

The best explanation of this phenomenon 
has been given by Landau and Bishop.’ 
They point out that pain is transmitted by 
two types of neurons, the rapidly conducting 
myelinated delta fiber and the slowly con- 
ducting unmyelinated C fiber. The former 
can be blocked selectively by pressure of a 
tourniquet and the latter by dilute procaine 
solution. Experimenting on themselves, they 
were able to show that, when the delta fibers 
are blocked, stimulation of the remaining C 
fibers gives rise to a peculiarly disagreeable 
burning sensation with a prolonged after- 
discharge. It is therefore probable that in 
many partial injuries of nerves activation of 
the C fibers is the cause of persistent dyses- 
thesia. After suture it is the patient with par- 
tial but poor sensory reinnervation that is 
likely to complain. 

Few forms of chronic persistent pain pre- 
sent greater difficulties in treatment than 


ILANDAU, W., and Bisnop, G. H. Pain from dermal, periosteal, 
and fascial endings and from inflammation; electrophysiological 
study employing differential nerve blocks. Arch. Neur. Psychiat., 
1953, 69: 490-504. 





these neuralgias that follow apparently triv- 
ial injuries to unimportant nerves in the 
course of routine surgical procedures. Oc- 
casionally excision of a neuroma-in-con- 
tinuity with suture of the nerve has been 
successful when this has been followed by 
good sensory regeneration. Simple resection 
of an end-bulb is rarely of any use, even 
when special steps are taken to prevent the 
formation of another neuroma. One man, 
who had suffered incapacitating dysesthesia 
in the sensory distribution of his superficial 
radial nerve after an operation on the radial 
head, insisted on a forearm amputation. De- 
spite advice to the contrary he had this done 
elsewhere, only to develop even more dis- 
agreeable sensations in a phantom hand. 
In cases of severe persistent intercostal 
neuralgia following thoracotomy or drain- 
age of empyema, and also in painful hernia 
scars, we have tried posterior rhizotomy. 
Even the wide band of anesthesia produced 
by cutting 4 sensory spinal roots has not 
always been successful. On the other hand, 
anterolateral cordotomy can be relied upon 
to give complete relief in 4 out of 5 cases in 
which the neuralgia involves the trunk or 
lower extremities. It cannot be counted on 
to ensure lasting analgesia of the upper ex- 
tremity. The failures result when the patient 
is still able to differentiate rapid pricks of a 
pin from simple tapping with a blunt object. 
This is likely to occur in 1 patient out of 
every 5 after high thoracic cordotomy for 
pain below the umbilicus, even though the 
cordotomy is performed by an expert. Ullti- 
mate failure is considerably more frequent 
when the operation has to be done in the 
upper cervical spine in attempts to relieve 
painful incisions in the upper half of the 
thorax or arm. The reason for this is inher- 
ent in the difficulties in severing all the fibers 
in the spinal pain pathway and its anatomic 
variations, as recently shown by White, 
Richardson, and Sweet .? Lasting difficulties 


2Wuite, J. C., RicHarpson, E. P., Jr., and Sweet, W. H. 
Upper thoracic cordotomy for relief of pain; postmortem correl- 
ation of spinal incision with analgesic levels in 18 cases. Ann. 
Surg., 1956, 144: 407-420. 
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with bladder emptying, weakness of the leg 
on the side of the incision, or disagreeable 
paresthesias in the analgesic area are rare 
complications, amounting to less than 5 per 
cent after a unilateral cordotomy. Despite 
the difficulties with this procedure, we have 
been forced to use it as a last resort in a series 
of 8 cases of truncal and lower extremity 
pain. Satisfactory relief was obtained in 6 
patients who have been followed for periods 
up to 8 years. For similar cases of neuralgias 
in the upper extremity the results have 
been so uncertain that at the present time 
there does not appear to be any practical 
solution. 

This experience in a large neurosurgical 
clinic, where we have been particularly in- 
terested in the problems of persistent pain, 
emphasizes the importance of avoiding trau- 
ma to nerves in routine surgery. This com- 
plication does not seem to occur in children. 
Also, in operating on the central portions of 
the thorax or abdomen, when there are no 


nerve trunks of any size, the surgeon need | 


have no worries. On the other hand, in oper- 
ations for hernia, on the kidney and ureter, 
paravertebral sympathectomies, and partic- 
ularly in thoracotomies, he should take every 
precaution not to bruise, stretch, or cut an 
exposed nerve, or to include it in his closing 
suture. Before operating on an extremity 
the surgeon, even if well acquainted with the 
course of the larger trunks, will do well to 
look up the distribution of the smaller super- 
ficial nerves in a standard anatomic text and 
to plan his incision to avoid them. If a ramus 
is inadvertently cut, approximate its ends 
with 1 or 2 sutures of fine silk. The smaller 
fibers regenerate well and will rarely give 
rise to a troublesome neuroma if treated in 
this way. Some of the most troublesome 
chronic problems seen by the Hand Clinic 
at this hospital are due to lack of this pre- 
caution, especially in individuals with inci- 
sions on the dorsolateral surface of the wrist 
for carpal resection and de Quervain’s dis- 
ease in whom these precautions have been 
neglected. 
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THE BILLROTH I GASTRECTOMY 


LAURENCE S. FALLIS, M.D., F.A.C.S., Detroit, Michigan 


THE TURN IN THE TIDE Of popularity against 
the Billroth I gastrectomy that we are cur- 
rently witnessing comes as no surprise to stu- 
dents of the history of gastric surgery. When 
the resurgence of enthusiasm for this opera- 
tion during the past few years is followed by 
a period of waning interest, the change is 
merely a fitting event in its lively and ven- 
turesome history. Ever since its first per- 
formance by Billroth, in 1881, the operation 
has been alternately praised and condemned. 
Billroth himself abandoned the method of 
restoring gastrointestinal continuity after 
gastrectomy by means of gastroduodenos- 
tomy as early as 1885 since he found the 
gastrojejunal restoration—which later came 
to be known as the Billroth II principle—a 
safer and technically easier procedure. ‘The 
subsequent fate of the operation as a prac- 
tical surgical modality was determined by 
the difficulty of uniting two structures of 
different caliber by end-to-end anastomosis. 
Kocher evaded the formation of the danger- 
ous upper angle by closing the lower end of 
the sectioned stomach and by making a new 
opening in the posterior gastric wall which 
he anastomosed to the proximal end of the 
duodenum. But the other modifications sug- 
gested left unresolved the problem of “‘the 
angle of sorrows” until Shoemaker intro- 
duced his method of tubing the distal end of 
the stomach. The tube-like gastric remnant 
fashioned from the greater curvature of the 
stomach approximates the duodenum in 
caliber and permits suturing without tension. 
There still remained the problem of tech- 
nical management in cases in which scarring 
and contraction of the first part of the duo- 
denum are such that sufficient amount of 
duodenal tissue cannot be safely mobilized 
to permit end-to-end anastomosis. The mod- 
ification worked out by von Haberer and 
Finney largely overcame this difficulty by 


closing the duodenum and anastomosing the 
distal end of the stomach to the second por- 
tion of the duodenum, the so-called termino- 
lateral gastroduodenostomy. 

Once these technical problems had been 
settled it became possible to use the Billroth 
I procedure in extended series of cases and 
to reassess its practical value in valid clinical 
terms. Leaving aside, for the moment, the 
analysis of clinical results, and confining 
one’s attention to anatomic, physiologic, and 
clinical principles, the Billroth I operation 
offers a number of attractive features. Re- 
establishment of the normal anatomic re- 
lationship between the stomach and duo- 
denum has the merit of similar restoration of 
continuity elsewhere in the gastrointestinal 
tract. The alleged physiologic advantage of 
having the gastric contents pass directly into 
the duodenum on the theoretic basis that 
the duodenum is better fitted to receive this 
acid secretion than the jejunum can be ques- 
tioned, since the reason for the operation, 
namely, the presence of a duodenal ulcer, is 
evidence in itself that the duodenum is un- 
able to cope with hyperacidity. One must 
bear in mind, however, that neither is there 
evidence that the jejunum is better able to 
withstand this secretion; in fact, all experi- 
mental data point to the contrary. 

As regards technical considerations, the 
advantages appear clear-cut. For example, 
performance of the operation in the supra- 
colic compartment of the abdomen mini- 
mizes contamination and simplifies the in- 
tervention when the use of local or block 
anesthesia is indicated. Moreover, the chief 
cause of mortality and morbidity after gas- 
tric resection, namely, the danger of leakage 
of the duodenal stump, is entirely eliminated 
when end-to-end gastroduodenal anastomo- 
sis is employed and is greatly reduced when 
the duodenum is closed as in the von Ha- 
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berer-Finney modification. In either instance 
there can be no back pressure in the duo- 
denal lumen and thus one of the chief causes 
of duodenal disruption is eliminated. Like- 
wise, the menace of closed loop obstruction 


—a not infrequent event after gastrojejunos- 
tomy owing to a kink in the proximal jejunal 
segment—is effectively warded off. 

Nor are the advantages of the operation 
seriously compromised by the seeming tech- 
nical shortcomings that have been cited 


from time to time. The objection that the 


Billroth I procedure is more difficult to per- 
form, for instance, is correct only in the 
sense that any technique that is new to the 
operator presents technical problems. In 
point of fact, in experienced hands the Bill- 
roth I operation consumes less time than the 
Billroth II since the step of closing the duo- 
denal stump is omitted. As regards the other 
commonly voiced objection, that in the Bill- 


roth I operation an insufficient amount of 


stomach is removed, it is not valid provided 
the principle of high ligation of the left gas- 
tric artery at its point of origin, as stressed 
by the late W. J. Mayo, is carried out and 
adequate mobilization of the duodenum is 
done. The painstaking performance of these 


requisite steps presents varying degrees of 


difficulty according to the anatomic and 
pathologic circumstances of the case. It 
must, therefore, be emphasized that all pa- 
tients are not suitable for the Billroth I oper- 
ation, and it may well be that enthusiasts in 
attempting to apply the procedure to all 
cases have brought undeserved discredit on 
the operation. 

Attractive though these theoretic advan- 
tages appear, the true worth of the Billroth 
I operation—as that of any other surgical 
procedure—must be judged by its clinical 
results. In particular, to demonstrate the 
superiority of the Billroth I operation it is 
necessary to show that the mortality of the 
operation is no greater than that of the Bill- 
roth II, that the postoperative sequelae 
such as the dumping syndrome, failure to 
gain weight and resume full activity, and 
the like, are fewer than following the Bill- 


roth II procedure, and finally, that the in- 
cidence of recurrent ulceration is lower. A 
study of the statistical evidence in sizable 
comparable series of cases clearly indicates 
that there is little to choose between the two 
methods of operation as far as the rates of 
operative mortality and postoperative se- 
quelae are concerned. The incidence of re- 
current ulceration after the Billroth I opera- 
tion is more difficult to assess since in most 
reported series sufficient time has not elapsed 
to enable the observer to formulate definite 
conclusions. It is, however, disconcerting to 
the proponents of the operation to find that 
the longer the follow-up observations the 
higher the recurrence rate. Projected into 
the future, this observation speaks ill for the 
Billroth I operation, as does also the finding 
recently reported that gastric acidity tends 
to remain higher after the Billroth I opera- 
tion than after Billroth II operations of com- 
parable radicalness. The latter observation, 
at the same time, supplies a hint of the rea- 
son for the differences between the results 
after the conventional Billroth I procedure 
and those after Billroth I operations supple- 
mented by vagus section. In the latter the 
recurrence rate has been much lower than 
in the former, indeed at least as low as after 
conventional Billroth II procedures. As re- 
gards tractability, while the recurrent ul- 
ceration after both Billroth I and Billroth II 
operations is extragastric, the recurrent ulcer 
in the duodenum that follows the unsuccess- 
ful Billroth I procedure is more likely to re- 
spond to medical management than the 
jejunal ulcer that results from the failure of 
the Billroth II operation and thus will re- 
quire reoperation less commonly. Of course, 
when surgical intervention becomes neces- 
sary, the technical problems presented by 
the recurrent duodenal ulcer are far more 
difficult. 

What, then, is the position one may fairly 
assign to the Billroth I procedure in the 
management of duodenal ulcer? First of all, 
it seems that concerning the blanket con- 
demnation of the procedure one’s judgment 
—like the verdict of the Scottish jury—must 
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be “Not proven.” As a primary technical 
method in the average patient, from the 

int of view of immediate results, there is 
little to choose between Billroth I and Bill- 
roth II procedures performed with com- 
parable technical skill and care; strict ad- 
herence to technical details, however, is 
particularly important in the performance 
of the Billroth I type of operation. There is 
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also good reason to suggest that the addition 
of vagus section to the conventional Billroth 
I operation significantly improves the inci- 
dence of recurrent ulceration. Finally, in 
some special situations such as the appear- 
ance of jejunal ulceration or severe dumping 
syndrome after a Billroth II operation, the 
conversion of the anastomosis to a Billroth I 
type often brings great benefit to the patient. 
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VASCULAR COLLAPSE DURINC 


‘THE MOST COMMON CAUSE OF DEATH in the operat- 
ing room is cardiac arrest (cardiac standstill or 
ventricular fibrillation). Awareness of its danger 
and frequency has resulted in a standardization 
of treatment which is usually effective, if insti- 
tuted early enough. 

However, the extensive survey of Stephenson, 
Reid, and Hinton! reveals a relatively low in- 
cidence of permanent survival (28 per cent). 
This results from: (1) failure to recognize the 
condition immediately; or (2) delay in starting 
effective therapy. Cardiac resuscitation is usu- 
ally successful if the proper diagnosis is made 
and adequate therapy is instituted within 4 
minutes from the time of onset. 

Most reported series are from large general 
hospitals with staffs well indoctrinated in the 
immediate treatment of cardiac standstill, ven- 
tricular fibrillation, and peripheral vascular col- 
lapse. Therefore, the most common cause for a 
poor outcome probably is failure to detect and 
differentiate these conditions early. Recognition 
of this fact led us to develop a small, portable, 
battery-operated cardiac monitor for the con- 
tinuous, instantaneous, visual monitoring of the 


From the Department of Surgery, Veterans Administration 
Hospital, Hines, Illinois, and Department of Clinical Science, 
University of Illinois College of Medicine, Chicago. 

‘STEPHENSON, H. E., Jr., Reip, L. C., and Hinton, J. W. 
Some common denominators in 1200 cases of cardiac arrest. 
Ann. Surg., 1953, 137: 731-744. 
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CARDIAC MONITOR FOR DETECTION AND 
DIFFERENTIATION OF CARDIAC STANDSTILL, 
VENTRICULAR FIBRILLATION, 


OR PERIPHERAL 
x SURGERY 


ROBERT SIMPSON, M.D., BERNARD ABRAMS, M.D., and 
ARCHER S. GORDON, M.D., Ph.D., Chicago, Illinois 


rate and rhythm of the heart.? In the anesthe- 
tized, pulseless patient, this instrument provides 
a means for the immediate detection and dif- 
ferentiation of cardiac standstill, ventricular fi- 
brillation, or peripheral vascular collapse. 


DESCRIPTION OF CARDIAC MONITOR 


The cardiac monitor (Fig. 1) has been de- 
scribed in detail elsewhere*. In addition to small 
size and portability, the use of a transistorized 
circuit makes it inexpensive and explosion-proof. 
Its self-contained power supply consists of two 
1% volt flashlight batteries. 

The electrical activity of the heart is best de- 
tected by using subcutaneous needle electrodes, 
one near the right axilla and the other over- 
lying the region of the cardiac apex. It is not 
mandatory for the needles to be placed in this 
optimum position. Satisfactory monitoring can 
be accomplished by placing needle electrodes 
between any two convenient locations on the 
right and left sides of the thorax, the right and 
left axilla, or even the right and left arms. The 
use of electrocardiographic plate electrodes on 
the skin represents a less effective method of 
attachment to the body. It may be used if de- 

? Developed in collaboration with Radioisotope Unit, Veterans 
Administration Hospital, Hines, Illinois. 

3Fietps, T., KAPLAN, E., ABRAMS, B., Simpson, R., GORDON, 


A. S., and Kenskt, J. Cardiac monitor for surgery and resuscita- 
tion. J. Am. M. Ass., 1956, 162: 559-561. 
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sired, but skin resistance may seriously interfere 
with monitoring the optimal signal. If used, the 
skin must be thoroughly massaged with electrode 
jelly until an erythema is produced. When satis- 
factorily connected to needle or plate electrodes, 
the deflection of a galvanometer needle provides 
the continuous visual means of monitoring the 
electrical potential of the myocardium. 

The frequency response of the unit is adequate 
for detection of tachycardias, bradycardias, ex- 
trasystoles, and other arrhythmias. For best mon- 
itoring of cardiac rate and rhythm, the galvanom- 
eter needle is adjusted so that the deflection 
represents only the major contraction of the 
ventricles. This is comparable to the QRS com- 
plex of an electrocardiogram. However, the car- 
diac monitor does not provide an electrocar- 
diogram and is not intended to replace an electro- 
cardiograph or oscilloscope. In the routine sur- 
gical case in which the use of such elaborate 
and expensive equipment is not practical or 
feasible, this device provides a constant monitor 
of cardiac activity. 

An outlet is provided for optional use of a 
phone jack and earpiece by means of which the 
cardiac impulse can be monitored simultane- 
ously from an auditory signal. This auditory 
signal is quiet and perceptible only to the one 
wearing the earpiece. 


CLINICAL AND EXPERIMENTAL OBSERVATIONS 


The cardiac monitor has been used on a large 
series of surgical patients undergoing major ab- 
dominal and thoracic procedures. At the operat- 
ing table, it is usually suspended from an infusion 
stand near the patient’s head where its response 
is continuously visible to the anesthetist and the 
surgical team. The electrodes are applied prior 
to the induction of anesthesia so that the pulse 
can be observed throughout the procedure. It 
has proved reliable and efficient in reflecting 
tachycardias, bradycardias, and extrasystoles, 
and has accurately detected cases of cardiac 
standstill, ventricular fibrillation, and peripheral 
vascular collapse. 

The unit has also been useful for neurosur- 
gical and ear, nose, and throat procedures. For 
pediatric use, especially in small infants, it is 
of assistance in following the patient’s postoper- 
ative course as well. 

Application of the cardiac monitor in emer- 
gency and admitting rooms has provided a useful 
means for assessing the initial status of critically 
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Fic. 1. Cardiac monitor. 


ill patients and for carefully following their con- 
dition during treatment. 

Careful, controlled studies on dogs‘ have in- 
dicated that continuous monitoring allows im- 
mediate detection of cardiac standstill, ventric- 
ular fibrillation, and peripheral vascular col- 
lapse. These responses have been similar to those 
observed in human surgical cases. 

Ventricular fibrillation was induced in a series 
of normal dogs by means of a rapid intravenous 
injection of 20 milligrams per kilogram of potas- 
sium chloride. Cardiac standstill was similarly 
produced in another series of animals with 50 
milligrams per kilogram of potassium chlorid:. 
Peripheral vascular collapse was produced in 
dogs by the withdrawal of venous blood until 
the peripheral pulse became imperceptible. 

Simultaneous recordings of femoral artery 
blood pressure and lead I electrocardiograms 
were made on a Sanborn poly viso, while the 
cardiac monitor was followed visually. For pur- 
poses of these studies, the output of the cardiac 
monitor was also recorded on the poly viso after 
passage through the phone jack and an imped- 
ance matching network (Figs. 2 to 5). 

Normal response (Fig. 2). The normal heartbeat 
causes regular pulsations of the galvanometer 
needle. These are of constant amplitude, except 
for variations associated with respiration. This 
pulsation corresponds to the major wave of elec- 
trical activity of the ventricular myocardium. 


4Animal studies supported by a grant from Chemical Corps 
Research & Development Command, Chemical Warfare Lab- 
oratories, Army Chemical Center, Maryland. 
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Fic. 2. Recording of blood pressure, electrocardiogram, and cardiac monitor during normal sinus 


rhythm. 


Fic. 3. Serial sections from recording of blood pressure, electrocardiogram, and cardiac monitor 
during progression from normal sinus rhythm through bradycardia and ventricular tachycardia 


into cardiac standstill. 


Fic. 4. Serial sections from recording of blood pressure, electrocardiogram, and cardiac monitor 
during progression from normal sinus rhythm through bradycardia and ventricular tachycardia 


into ventricular fibrillation. 


Fic. 5. Recording of blood pressure, electrocardiogram, and cardiac monitor during normotensive 
and severe hypotensive states showing minimal change in electrocardiogram and monitor tracings 
even when blood pressure has reached imperceptible levels during hemorrhagic shock. 


Variations from the normal cardiac rate and 
rhythm are quickly and easily detected. Altera- 
tions in blood pressure, per se, do not signifi- 
cantly affect the amplitude or nature of the 
oscillations. 

Cardiac standstill (Fig. 3). When cardiac stand- 
still occurs, the movements of the galvanometer 
needle cease. This may be preceded by brady- 
cardia or cardiac irregularities, which act as 
a warning of impending danger. Sudden ces- 
sation of needle deflections, with an absent pulse, 
indicates cardiac standstill if the electrodes are 
properly connected. The unit is so simple and 
electrically stable that, if it has been used for 
continuous monitoring of a patient’s cardiac 
activity, loss of needle activity is presumptive 
evidence of cardiac standstill. When correlated 
with clinical findings, this becomes definitive 
evidence of arrest. 

Ventricular fibrillation (Fig. 4). When the heart 


goes into ventricular fibrillation, it is usually 





preceded by aberrations of cardiac activity. 
These are reflected by the cardiac monitor. With 
the onset of ventricular fibrillation, the fascicular, 
asynchronous myocardial activity results in in- 
effectual cardiac output with loss of pulse and 
blood pressure. The needle of the cardiac monitor 
produces small, irregular, and highly erratic 
oscillations, completely lacking any regularity 
of rate or amplitude. The baseline (isoelectric 
line) shows a wandering throughout the range 
of the dial. The poly viso tracings from the 
cardiac monitor tend to duplicate the electro- 
cardiographic pattern seen in ventricular fibril- 
lation. 

Peripheral vascular collapse (Fig. 5). During anes- 
thesia, peripheral vascular collapse is more com- 
mon than cardiac arrest. This condition results 
in dangerously low, frequently imperceptible, 
blood pressure and pulse, which may lead to an 
erroneous diagnosis of cardiac arrest and an 
unnecessary thoracotomy. However, even with 
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profound hypotension, the amplitude of deflec- 
tions of the galvanometer needle on the cardiac 
monitor is not significantly reduced. The mon- 
itor hereby provides the crucial information in 
the pulseless patient that the heart is still beat- 
ing. Proper and immediate therapeutic meas- 
ures may then remedy the situation without 
resort to thoracotomy. Throughout this crisis, 
the anesthetist and surgical team are apprised 
of the patient’s status on a beat to beat basis. 

Arrhythmias and irregularities. Various irregu- 
larities and arrhythmias, such as auricular fi- 
brillation, tachycardias, bradycardia, and extra- 
systole, can be identified by variations in rate 
and rhythm of the needle deflections. However, 
the device will not indicate such changes as 
§-T segment depression, auriculoventricular 
blocks, or differentiate between auricular or 
ventricular tachycardia. 


COMMENT AND SUMMARY 


The continuous use of a cardiac monitor at 
the operating table as an adjunct to careful 
clinical evaluation provides a means for detec- 
tion and differential diagnosis of cardiac stand- 
still, ventricular fibrillation, and peripheral vas- 
cular collapse. If survival rate is to be improved, 
it is imperative to prevent these conditions, if 
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possible, and to detect them at once when they 
occur. It is important to differentiate them since 
the treatment for cardiac standstill and ventric- 
ular fibrillation varies significantly from that for 
peripheral vascular collapse. 

Carefully monitored observations of irregu- 
larities of rate and rhythm may provide a warn- 
ing that these serious conditions are impending. 
Constant attention is required since these ir- 
regularities frequently manifest themselves when 
the anesthetist is too busy to keep his finger 
on the pulse. 

A practical cardiac monitor, which fulfills 
these needs, has been developed and tested. It 
consists of a small, simple, portable, inexpensive, 
explosion-proof, transistorized, battery-operated 
unit, which provides a continuous, instantane- 
ous, visual pattern of the electrical activity of 
the heart. 

Clinical observations and laboratory experi- 
ments have substantiated its effectiveness in: (1) 
monitoring the electrical activity of the heart 
on a beat to beat basis; (2) accurately reflecting 
cardiac activity during tachycardia, bradycar- 
dia, and arrhythmias; (3) immediately detecting 
the onset of cardiac arrest; and (4) differentiat- 
ing ventricular fibrillation, cardiac standstill. 
and peripheral vascular collapse. 
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FRIEDRICH TRENDELENBURG AND THE 


TRENDELENBURG POSITION 


HAROLD SPEERT, M.D., F.A.C.S., New York, New York 


PROPER POSITIONING of the patient is essential for 
any operation. The sine qua non for pelvic laparot- 
omy is the Trendelenburg position, which lowers 
the head and chest and elevates the hips, allowing 
the intestines to gravitate toward the diaphragm 
and thereby facilitating exposure of the pelvic vis- 
cera. The history of this inclined position dates 
back to antiquity. It has been described and its 
merits independently rediscovered probably 
more times than any other contribution to the 
annals of surgery. From the time of Celsus (ca. 
40 B.C. to 20 A.D.) and for the next millennium 
the inclined position was‘used in the treatment 
of abdominal injuries, when eviscerated intes- 
tines had to be replaced within the peritoneal 
cavity. The position was described anew by Paul 
of Aegina (ca. 660 A.D.), and again by Abul- 
Kasim in the eleventh century. 

In the ensuing years of the middle ages patients 
were placed in a semi-inverted position for both 
the manual reduction and surgical repair of ab- 
dominal hernias. The chapter on hernias in the 
famous manuscript of Roger and Roland suc- 
cinctly describes this position and states its pur- 
pose: “In primis ergo patiens collocetur in banco, 
caput et humeros habens depressos, ut tota in- 
testina descendant ad pectus, coxas vero et crura 
teneat elevata.”’ This work, variously known as 
Practica Chirurgiae or Post mundi fabricam, the latter 
from the first 3 words of the preface, was probably 


From the Department of Obstetrics and Gynecology, Colum- 
bia University, New York. 





written in the latter part of the twelfth century. 
Produced originally by Roger of Salerno, the 


- manuscript was re-edited in 1252 by his pupil, 


Roland of Parma (1170 to 1264). Subsequent 
generations have identified it, the first Italian 
work on surgery, by the names of both Roger and 
Roland. Roger is also credited with being the 
first occidental to recognize the value of iodine, 
in the form of sea sponge ashes, in the treatment 
of goiter. 

Among the several later authors who recom- 
mended an inclined position for the patient was 
Caspar Stromayr, a surgeon and ophthalmolo- 
gist of Lindau am Bodensee. Stromayr’s remark- 
able manuscript of 1559 deals largely with her- 
nias. Profusely illustrated with color plates, each 
accompanied by a caption in old German verse, 
this manuscript provides both verbal and pic- 
torial evidence (Figs. 2 and 3) of the author’s use 
of the head-down position. 

The inverted position was mentioned again in 
1707, ina letter from Abraham Cyprian, a Dutch 
surgeon, to Thomas Millington. In reporting an 
operation for a case of advanced tubal pregnancy 
Cyprian wrote: “‘J’avois méme pour plus grande 
precaution afin d’empecher que les boyaux ne 
descendissent, placé la malade en sorte que les 
parties superieures du corps étoient un peu abais- 
sées, et la pauvre femme a méme presque tou- 
jours demeuré dans cette méme situation jusqu’a 
ce qu'elle a été tout afait guerie, pour éviter une 
hernie.”” At one time professor of surgery in 
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Franeker, Cyprian later settled in London, where 
he reputedly performed 1,400 lithotomies in 12 
years. 

Percival Pott, in the middle of the eighteenth 
century, again pointed out the value of the in- 
clined position in the reduction of hernias. ‘“The 
posture of the body,” wrote Pott, “and the dis- 
position of the lower limbs, may be made very 
assistant in this operation, when the difficulty is 
considerable; the nearer the posture approaches 
to what is commonly called standing on the head 
the better, as it causes the whole packet of small 
intestines to hang, as it were, by the strangulated 
portion, and may thereby disengage it. . . .” 

Elevation of the pelvis achieved gynecologic 
recognition in 1815 by Gutberlet, who suggested 
a pillow under the patient’s hips as an aid to 
hysterectomy: ‘‘Man giebt nun der Kranken auf 
einem Tische oder erhéhten Bette eine horizon- 
tale Lage, bey welcher das Becken durch einen 
unterlegten Polster etwas erhéht wird; durch 
diese Lage schon wird bey der nachfolgenden 
Ausschneidung der Gebarmutter der Andrang 
der Gedarme in das Becken verhiitet.”” More pro- 
nounced tilting of the patient’s body was used by 
Freund in 1878, when he performed his cele- 
brated total abdominal hysterectomy for uterine 
cancer. 

Trendelenburg began to experiment with the 
inclined position in Rostock in 1880, for the re- 
pair of vesicovaginal fistula and other operations 
within the bladder. Four years later, in 1884, 
Trendelenburg’s rediscovery of this surgical ad- 
junct was reported by one of his assistants, Willy 
Meyer, who later migrated to the United States 
and achieved distinction on his own as one of the 
leading surgeons in New York City. Meyer’s paper 
contains an interesting woodcut (Fig. 4) showing 
Trendelenburg’s early method of maintaining the 
elevated pelvic position. An attendant, standing 
at the foot of and with his back to the operating 
table, supported the patient’s flexed knees 
throughout the operation. In a later publication, 
in 1890, Trendelenburg compared this to the 
technique of the ancients in their treatment of 
hernia, but it is not clear whether he was aware 
of the centuries of previous experience when he 
first began to use the position, ten years earlier. 

Meyer explained the Trendelenburg posture 
and its advantages as follows: ‘‘It is easy to under- 
stand how the viscera, because of their weight, 
fall back toward the diaphragm. The opened 
bladder gapes, just as the vagina in the lateral 
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Fic. 1. Friedrich Trendelenburg (1844-1924). 


Sims position, thus permitting not only a com- 
pletely unobstructed view into its interior, but 
also, after retraction of the edges of the abdomi- 
nal wall and bladder by means of broad, blunt 
retraction hooks, ... the easiest introduction of 
the instruments necessary for extirpation and 
other manipulations. The vicinity of the trigone, 
which is the commonest site of bladder tumors, 
is thus also especially accessible to both observa- 
tion and instrumentation. With the operating 
table placed as usual, and with its foot end op- 
posite the window, the light then falls directly 
from the window onto the posterior inferior part 
of the bladder, thus illuminating not only the in- 
ternal urethral orifice, but also very thoroughly 
the region of the ureteral orifices. Observations 
can thus be made that are impossible in the usual 
dorsal position. We could often see during our 
operations how the urine spurted in a little jet 
from the ureteral orifices, we could introduce 
sounds upward into the ureters and ascertain 
their accessibility and width, etc. Furthermore, 
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Fics. 2 and 3. Illustrations from Caspar Stromayr’s manuscript (9) of 1559, showing inclined 


position of patient for herniorrhaphy. 


not to be minimized is the fact that the blood can 
now drain continuously toward the part of the 
bladder that is usually of less interest to us at this 
time . . . the operative field thus remaining rela- 
tively free of blood. In most cases this can not be 
achieved in the usual dorsal position. A lake of 
blood and urine tends to collect precisely here, 
at the trigone. 

‘No displacement of the organs nor any other 
disturbances at all result from the respiratory 
movements in this position, since the abdominal 
excursions are noticeable only up to about the 
midpoint between the umbilicus and symphysis. 
. .. How unusually free is the access then even 
to the deepest reaches of the posterior bladder 
wall. ... 

“This position is best designated as the ‘ele- 
vated pelvic position.’ ” 

Trendelenburg’s personal comments on the 
elevated pelvic position, published in 1890 in 


association with his report of vesicovaginal fistulas 
repaired by the abdominal approach, stressed the 
value of this posture for delicate intravesical pro- 
cedures. He wrote: ““The elevated pelvic position 
has afforded us a means of operating under direct 
vision within the bladder with equal or greater 
ease than within the vagina. Thus nothing could 
be more natural than a transvesical attack on 
fistulas that cannot be managed successfully from 
the vagina. . . 

“If the patient is placed on the operating table 
so that the pubic symphysis forms the highest 
point of the trunk and the long axis of the latter 
forms an angle of at least 45 degrees with the hor- 
izontal, the abdominal organs. . . fall into the 
concavity of the diaphragm. The intestines fall 
out of the true pelvis as far as the atmospheric 
pressure will permit. In thin individuals with the 
rectus muscles relaxed under deep anesthesia, 
the anterior abdominal wall in the hypogastric 
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region exerts an actual sucking action on the 
pelvic cavity. ... 

“If a longitudinal or transverse incision is now 
made in the hypogastric region, as for lithotomy, 
and the rectus muscles and their posterior sheath 
are split, the air then enters the prevesical space 
at once, often with an audible sound. The peri- 
toneum falls away and an extensive cavity is 
formed in the prevesical interstitial space, into 
which the light shines readily and in which the 
anterior wall of the bladder and the reflected fold 
of the peritoneum can be seen.” 

Trendelenburg quickly recognized the advan- 
tages of the elevated pelvic position for intraperi- 
toneal as well as intravesical operations. ““We 
work in the full light of the window,” he en- 
thused, ‘‘like the artist at his easel, without hav- 
ing to stoop . . . and without being burdened by 
protruding loops of bowel. . . . No one who has 
ever removed a myomatous uterus or an adher- 
ent ovarian cyst in this way will readily revert to 
the old procedure. The tumor falls out of the pel- 
vis. . . as far as the intrapelvic connections per- 
mit. All the ligaments to be divided are put on a 
stretch and the blood drains away from the opera- 
tive field. The intestines, which remain bunched 


together in the epigastrium, cause no concern as 


long as no vomiting occurs. . . . 


“After the tumor is removed, a surprising view 
is obtained of the entire true and false pelves; the 
iliac and hypogastric vessels are seen pulsating, 
the course of the ureter is observed, and any small 
bleeding vessels can be picked up and ligated. 
... The elevated pelvic position is of great ad- 
vantage in myomectomy, especially in difficult 
cases with intraligamentous extension of the 


tumor.” 


The improved exposure afforded by the posi- 
tion led Trendelenburg to recommend total hys- 
terectomy in preference to the subtotal variety in 
cases requiring removal of the uterus. ‘““The oper- 
ation is made so easy,” he wrote, “‘that panhys- 
terectomy is carried out instead of supravaginal 
amputation. . . . This procedure, because of its 
safety and simplicity, surpasses the usual supra- 
vaginal hysterectomy. All steps of the operation 
can be carried out under visual control by use of 
the elevated pelvic position; blood loss is slight, 
and the elastic tourniquet for the uterus therefore 


unnecessary.” 


Utilizing Sims* discovery that when the pelvis 
is elevated the opened vagina aspirates air, 
Trendelenburg soon adapted his position for vis- 
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Fic. 4. Woodcut from Willy Meyer’s paper (6) of 1884, 
which first described Trendelenburg’s use of the elevated 
pelvic position. 


ualization of the vagina and rectum. “It is an ex- 
cellent means,” he explained, ‘‘of rendering the 
interior of the vagina or rectum accessible to the 
eye. Both cavities . . . gape widely as soon as their 
orifice is held open with the fingers, a short spec- 
ulum, or some similar device. ... With a ma- 
nometer it can be demonstrated that the pressure 
in the lower abdominal cavity becomes negative 
when the elevated pelvic position is assumed. One 
need only connect a rubber tube to a catheter 
previously introduced into the bladder. Several 
experiments showed the pressure to be +1 cm. 
of water with the body in the horizontal position, 
while with the pelvis elevated the pressure fell to 
—6 to -8 cm.” 

The term ““Trendelenburg position” was first 
used in 1888 by Mendes de Leon, who reported 
his experience with this posture for a variety of 
pelvic laparotomies and for gynecologic examina- 
tion of patients with tympanites. The name found 
immediate acceptance in a paper by Lange the 
following year and now enjoys universal recogni- 
tion in surgical terminology. 

Trendelenburg noticed facial edema in many 
of his patients maintained in a steeply inverted 
position, and soon obtained roentgenographic 
evidence of dilatation of the right side of the heart 
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355. 


(Chirurgie No. 109.) 


Uber Blasenscheidenfisteloperationen und iiber Becken- 
hochlagerung bei Operationen in der Bauchhohle. 
Von 
Friedrich Trendelenburg, 


in Bonn. 
Mit einer Lichtdrucktafel. 


Seit ihrer Begriindung durch Naegele, Dieffembach und Jo- 
bert de Lamballe ist die Operation der Bl heidenfistel, | d 
durch das operative Talent und die unermiidliche Ausdauer von Gustav 
Simon, zu einem so hohen Grad von Vollkommenheit gebracht worden, 
dass dieses Kapitel der gynikologischen Chirurgie auf den ersten Blick 
fast vollstindig abgeschlossen zu sein scheint. Neuere Vorschlige be- 
ziehen sich auf Modifikationen der Instrumente, der Lagerung und des 
Nahtmaterials, der Vorbereitung zur Operation und der Nachbehandlung; 
das Princip der Operation bleibt immer dasselbe: Freilegung und An- 
fricchung der Fistel von der Scheide auz, Nahtverschluss durch direkte 
Vereinigung der Rander in verschiedenen, der Form und Grisse des De- 
fektes angepassten Figuren. CGieschickten und geiibten Hianden gelingt 
es in der grossen Mehrzahl der Fille, mit dieser Methode zum Ziele zu 
kommen, und fir alle gewéhnlichen Faille von Blasenscheidenfistel wire 
es eine iiberfliissige Kiinstelei, das einfache Verfahren durch komplicir- 
tere zu ersetzen. 

Neben der Mehrzahl giinstiger Fille giebt es aber eine Minderzahl 
ungiinstiger, in denen dieses Verfahren mit sehr erheblichen Schwierig- 
keiten zu kiimpfen hat und nicht selten trotz wiederholter Operations- 
versuche vollstindig im Stiche lisst. Winckel!) berechnet, dass iiber 
ein Zehntel aller Frauen mit Harnfisteln ungeheilt bleibt. 

Zu den ungiinstigen Fallen von Harnfisteln gehéren zunichst die 
Blasenscheidengebirmutterfisteln und die Harnleiterscheidenfisteln, sodann 





’ 8 


; U Winckel, Die Krankheiten d. weibl. Harnréhre u. Blase. Deutsche Chir. 62, 1885. 
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Fic. 5. First page of Trendelenburg’s paper (10) of 
1890, published after 10 years’ experience with the ele- 
vated pelvic position. 


during inversion at a 45 degree angle. He there- 
fore recommended never using this extreme pos- 
ture for more than 5 to 10 minutes without inter- 
ruption, and cautioned against using it at all for 
the obese or patients with congestive heart disease. 

In historical perspective Trendelenburg made 
two principal contributions to the operative pos- 
ture that bears his name: (1) popularization of 
the position, and (2) invention of a metal operat- 
ing table fitted with padded shoulder braces and 
specifically designed to maintain elevation of the 
patient’s hips and flexion of the knees. 

Friedrich Trendelenburg was born in Berlin, 
May 24, 1844. His father, Adolf Trendelenburg, 
who was professor of philosophy in the University, 
taught him Latin and arithmetic at home, while 
his mother instructed him in English, his aunt in 
grammar. After completing his formal schooling 
in the Joachimsthal Gymnasium, he entered the 
medical school of the University of Berlin, but 
spent part of his time in Edinburgh and Glasgow, 
studying anatomy, embryology, and physics. 


After graduation in 1866, Trendelenburg entered 
military service for the next 2 years, working as 
surgeon in the hospitals in Gorlitz and Kiel. His 
thesis in ancient Indian surgery, entitled De 
veterum Indorum chirurgia, was published in 1867, 
From 1868 to 1874 he served as assistant to von 
Langenbeck, with whom he helped found the 
German Society of Surgeons in 1872; and in 1898 
Trendelenburg was elected its chairman. In 1874, 
at age 30, he was made director of the surgical 
ward in the Friedrichshain Hospital in Berlin, 
and the following year was called to the Univer- 
sity of Rostock as ordinary professor of surgery. 
Here he remained until 1882, when he accepted 
a similar position at the University of Bonn. In 
1895 he responded to an invitation to the Uni- 
versity of Leipzig, where he occupied the chair of 
surgery until 1911. He then retired to Nikolassee, 
a southwest suburb of Berlin, where he died of a 
malignant tumor of the lower jaw, December 15,! 
1924, in his eighty-first year. His autobiography, 
Aus heiteren Fugendtagen, was published shortly be- 
fore his death. 

Entering the practice of surgery soon after the 
introduction of antisepsis and general anesthesia, 
Trendelenburg found fertile fields for his wide 
interests and boundless energy. He performed the 
first gastrotomy for stricture of the esophagus in 
Germany and was one of the first to ligate the 
hypogastric veins for puerperal pyemia. His 
fields of special interest included orthopedic, 
vascular, and plastic surgery. To the last he made 
noteworthy contributions on exstrophy of the 
bladder, harelip, and cleft palate. He also pub- 
lished a monograph on trigeminal neuralgia. 

Trendelenburg’s name is associated with an 
impressive list of eponymics in addition to the 
Trendelenburg position, for which he is best 
known. These include a cannula, a sign, a symp- 
tom, a test, and 4 operations. The Trendelenburg 
cannula, a tube fitted with an inflatable rubber 
collar, was designed to prevent the aspiration of 
blood after tracheotomy. The Trendelenburg 
sign, of congenital dislocation of the hip, consists 
of falling rather than elevation of the gluteal fold 
on the sound side when the patient stands on the 
affected leg and raises the other. Trendelenburg’s 
symptom is the waddling gait resulting from 
paralysis of the gluteal muscles. The Trendelen- 
burg test determines the competency of the venous 
valves in patients with varicosities of the leg. The 


1Some of Trendelenburg’s biographers have given December 
16 as the date of his death. 
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4operations named for Trendelenburg consist of 
(1) a method of excision of varicose veins, (2) 
ligation of the great saphenous vein to prevent 
reflux into varicosities, (3) surgical removal of a 
pulmonary embolus, and (4) the insertion of an 
ivory peg into the knee joint for the correction of 
aslipping patella. A Festschrift (volume 129) of 
the Deutsche Leitschrift fiir Chirurgie was published 
in Trendelenburg’s honor in 1914, on the occa- 
sion of his seventieth birthday. 
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Reviews of New Books 


THE MEMORIAL VOLUME of the Lyon Chirurgicale, 
edited by Pierre Mallet-Guy,! consists of 48 original 
articles dedicated to the memory of Professor René 
Leriche by his pupils from almost every corner of the 
world. Six Americans have had the rare privilege of 
studying under this outstanding teacher, clinical sur- 
geon, and surgical philosopher of France. The un- 
solicited remarks as prologues to the scientific con- 
tributions attest to their love for ‘Le Patron” and 
the influence he had upon the malleable minds of all 
his assistants. Such ability to hold, for years and years, 
the deep respect, admiration, and love of their pupils 
is an accomplishment attained by only a few of our 
great teachers. 

Sir James Learmonth, in his tribute to Professor 
Leriche in this volume repeats the now famous thumb- 
nail sketch which he delivered when he presented “‘Le 
Patron” with an Honorary Fellowship in the Royal 
College of Surgeons of Edinburgh: “Indeed he is at 
heart a physiologist, pursuing clinical research. He is 
cast in the Hunterian mould: his restless mind is never 
satisfied—like John Hunter he is a peripatetic ‘Why’. 
And so acute are his powers of observation and deduc- 
tion, so illuminating the flashes of inspiration which 
he directs upon his problems, that there are few— 
if any—surgeons of his generation who, having asked 
themselves ‘Why’, have been able to reply ‘Exactly 
thus’ as often as has René Leriche.” 

Such was the spirit of this great man. Surgeons have 
lost a true colleague, a humble: but brilliant scien- 
tist, and a great Citizen of the World. 

The scientific contributions in this volume are in 
keeping with the high ideals and meticulous work of 
René Leriche. The contributions touch on most of the 
important fields of surgical investigation and surgical 
practice, and they are well written and well illustrated. 
This volume is a worthy tribute to the accomplish- 
ments and to the memory of an outstanding surgeon 
and teacher. —Louis G. Herrmann. 


‘THE WELL WRITTEN BIOGRAPHICAL SKETCHES of two 
distinguished British surgeons* afford an interesting 
study in contrasts. 

Sir Arbuthnot Lane and Sir John Bland-Sutton were 
born within a year of one another—1856 and 1855. 
Both attained fame and distinction in their profession, 
but they lived in two different worlds—the world of 
Guy’s Hospital and the Middlesex; and as far as one 
could tell from these small volumes neither ever heard 
or knew of the other. Possibly one can gain a clue to 


'HoMMAGE A RENE LericueE. By his students. Edited by P. 
Mallet-Guy. 494 pages, 197 illustrations. 3.000 fr. Paris: Masson 
et Cie, 1956. 

2Sir JoHN BLAND-SutTon, 1855-1936. By W.R. Bett, M.R.C.S. 
(Eng.). Foreword by Lord Webb-Johnson. 100 pages, 5 illustra- 
tions. $4.75. Baltimore: The Williams & Wilkins Co.; Edinburgh 
and London: E. & S. Livingstone Ltd., 1956. 

3S1R WILLIAM ARBUTHNOT LANE, Bt.; AN ENQUIRY INTO THE 
MIND AND INFLUENCE OF A SuRGEON. By T. B. Layton, D.S.O., 
M.S. 128 pages, 8 illustrations. $4.75. Baltimore: The Williams & 
Wilkins Co.; Edinburgh and London: E. & S. Livingstone Ltd., 
1956. ; 


120 





this paradox from an incident quoted by Layton (p, 
113). “Sir Harold Stiles of Edinburgh was a great ad- 
mirer and friend of Lane. When I was in Edinburgh 
after the war, relearning some surgery, Stiles turned to 
his students before an operation and said: ‘We are 
very much honoured in our visitor today. We have in 
our theatre a man who has been house surgeon to Sir 
Arbuthnot Lane.’ At that time this title was a hall- 
mark that would have given the holder of it an entree 
into any operating theatre in Europe, with the pos- 
sible exception of London.” 

Arbuthnot Lane came from a long line of Ulster 
stock, “solicitors and doctors . . . who for seven gener- 
ations named their eldest sons alternately William and 
Benjamin.” He himself “cared for none of these things 
(ancestral records) . . . never went to visit the home of 
his ancestors, never had any interest in history or other 
things of the past, having set his eyes firmly all his life 
on the future, looking upon things of today only as 
stepping stones to the far tomorrow.” 

His medical education began at a youthful age. “I 
was sixteen years of age when I entered Guy’s in May 
1873 and looking very young was regarded as some- 
what of a child by the students generally, who seemed 
to me to be quite old. At that time many had beards 
or moustaches and wore top hats. However I managed 
to survive” (p. 12). 

Anatomy formed a very important part of the med- 
ical course. Courses of lectures and dissections were 
followed by an appointment as assistant demonstra- 
tor, then prosector—to prepare dissections for demon- 
stration by the lecturer. Work as a ward clerk, assistant 
surgeon’s clerk, dresser in surgery, assistant surgeon’s 
dresser followed, and occupied the remainder of the 
first two and one-half years. Only after this period did 
work in the medical wards begin. 

To the American reader the medical slang of “clerk,” 
“dresser,” ‘‘full surgeon’s dresser,” ‘“‘did clinical,” etc. 
is difficult to follow and understand; and still more 
difficult of comprehension is the complicated system 
of examinations which compelled Lane (and others) 
“either to go back and do all their study again or to 
forswear the highest attainments in the teaching world 
of medicine. It had not been entirely ironed out by the 
outbreak of the Second World War and more than one 
of Lane’s juniors on the staff of Guy’s had had to go 
back and do the whole curriculum again. Lane had to 
take this step backwards twice...” (p. 23) simply be- 
cause the examinations which he had passed in Edin- 
burgh were not considered an adequate test of his 
qualification for the fellowship of the College of Sur- 
geons in England. 

In December 1881, having passed with honors the 
many tests required for fellowship in the Royal Col- 
lege of Surgeons, he was appointed House Surgeon to 
the Victoria Hospital for Children and “‘in nine months 
Lane became. .. a fully-equipped operating surgeon.” 
The reader may wonder at this statement for the writer 
goes on, “Lane became a surgeon through the night 
work of a small children’s hospital over a period of nine 
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months. Not that this work amounted to very much. 
The appendix had not then been touched, intussus- 
ception was not submitted to operation. Diphtheria 
was a deadly disease rampant among the poor, and he 
probably had many tracheotomies to perform with but 
a poor chance of recovery. There was, however, one 
subject that was coming to the fore, that of the abscess 
around the lung known as empyema. This gave prom- 
ise of great advances in the near future with the ad- 
vent of Lister’s new technique and this Lane made his 
own for the time.” 

In October, 1882, Lane returned to Guy’s to be- 
come demonstrator of anatomy. Whether or not he 
was a good teacher may be open to question. “Students 
used to say: ‘Don’t let Lane touch your part or you will 
have none of it left? and that when Lane sat down to a 
part he started rapidly dissecting. He named all the 
structures as they came into view, then again as he 
removed them, and then having done all the dissec- 
tion that could be done on the part he would say: 
‘Dear me, I am afraid I have spoiled your part. I am 
so sorry’ ” (p. 48). But as to his energy and thorough- 
ness there can be no question. “Night after night, as 
bachelor or young married man, he sat and scraped 
the last little bits of flesh off the bones of the bodies 
there, after the students had done their work on them, 
till the ligaments only remained. Night after night, 
till midnight or past, the lonely worker toiled in|a great 
dingy room in a dingy building at the far end of the 
Park, away from the wards of the hospital and lit by a 
single gas jet which threw a gleam around the head 
and hands of the solitary craftsman intent upon his 
work, surrounded by but ignoring the corpses that lay 
upon the other tables, half dissected and covered by 
wet rags to prevent them being too dry for the students 
next day to continue their tasks upon them. In this 
way he examined the bones and ligaments of thirty- 
five men and women, denizens of South London, hard 
working with the heavy labour that fell to the lot of 
the very poor of those days” (p. 50). As a result of 
these dissections, he concluded thatchangesin the bones 
and joints resulted from the constant stresses to which 
they had been subjected. His conclusion: ““The skele- 
ton represents the crystallization of lines of force.” 

The observations that he made in the dissecting 
room became the basis for a philosophy by which he 
stood to the end of his life. At the age of 80, he pref- 
aced a bibliography of his writings with these words, 
“We bear a simple mechanical relationship to our 
surroundings; any change in that relationship pro- 
duces a corresponding alteration in our anatomy. 
Everything that nature does to meet such an altera- 
tion in our mechanical relationship to our surround- 
ings tends to shorten our life.” 

The years in the dissecting room were marked by 
a veritable flood of papers from Lane’s pen, many of 
them relatively brief, recording unusual conditions 
encountered in the course of his anatomic studies: 
Fractures of the Sternum; Costal and Sternal Asym- 
metry; Abnormalities Observed in the Dissecting 
Room During the Winter Session, 1882-83; Extensive 
Thrombosis Following Fracture of Both Bones of the 
Forearm; Ununited Fractures of Ribs; Cases of 
Mollities Ossium; Rheumatic Arthritis and Charcot’s 
Disease. (These titles are taken from the “‘Bibliog- 
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raphy of the Published Writings of Sir William 
Arbuthnot Lane—1883-1938.”) Five papers in 1883, 
19 in 1884, 15 in 1885, 10 in 1886, 13 in 1887—for 
the Journal of Anatomy and Physiology, the Trans- 
actions of the Clinical Society, the Lancet, the 
British Medical Journal, and more frequently for the 
Transactions of the Pathological Society, indicate 
how seriously and intensively he pursued his studies. 
After he received the coveted appointment on the 
surgical staff there was no letup in the contributions; 
only the subjects changed. Instead of reports of 
unusual anatomic pathologic conditions, there was a 
steady stream of papers describing interesting and 
unusual surgical cases. With increasing frequency 
there appeared reports on subjects that held for him 
special interest—middle ear infection, mastoid infec- 
tion, sinus thrombosis, saline transfusion to replace 
loss of blood, cleft palate, and, beginning in 1893, 
papers on the operative treatment of fractures. 

The opposition that he aroused by his advocacy 
of the open treatment of fractures, and later of resec- 
tion of the colon are still fresh in the memory of sur- 
geons of the present generation. One wonders how 
much his loneliness as a young student beginning the 
study of medicine at 16, as a ward clerk when “‘during 
the three months of its duration, the dressers never 
condescended to speak to me,” how much the hours 
spent alone, night after night in the dissecting room 
may have influenced him to persist so obstinately 
along a certain path once he had embarked upon it. 
Perhaps had he been of a more gregarious nature, less 
of a “lone wolf,” had he been willing to listen to the 
counsels of others, such as his friend Hale-White, he 
might have avoided advocating some of the radical 
surgical procedures with which his name has been 
linked, and which have now been forgotten. Unfor- 
tunately the influence of the physiologist upon sur- 
gical practice was only beginning to appear at the 
time of World War I. Had Lane entered upon his 
career 30 years later, the story might have been a 
different one. 

From the vantage point of today, one would prob- 
ably say that Lane’s outstanding contribution to sur- 
gery consisted in his prompt recognition of the signifi- 
cance of Lister’s teachings, of his introduction of 
Lister’s methods into the surgical teaching and prac- 
tice at Guy’s Hospital, and, somewhat later, of the 
substitution of asepsis for antisepsis in surgical tech- 
nique. This made it possible for him, early in his 
career, to become the only surgeon in London “‘who 
could open the abdomen in safety,” and to carry out 
successfully the operative treatment of bone injuries. 

He was farsighted; he often commented on the 
possibility of removing a lung; he visualized enlarging 
the stenosed mitral orifice. He lived and worked in 
a day when the entire field of surgery was the sur- 
geon’s province, and among the surgeons of his era he 
held a distinguished place. 

Sir John Bland-Sutton’s background was a different 
one. His father was “a remarkable and picturesque 
personality. Over six feet in height, he earned his 
living as a market gardener, and by fattening stock, 
slaughtering it, and selling it in Formosa Street, 
Maida Hill . . . (He) was a clever taxidermist, an 
authority on bird life, and an amateur medical practi- 
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tioner” (p. 2). Of himself Bland-Sutton said, “‘All 
my brothers but one grew up to be strong men. I re- 
mained at 5 feet 7 inches, small in bone, short in limb, 
weak in muscle, and always ailing and easily duped, 
but I learned wisdom in the stern school of experience” 
(p. 3). 

The author continues, “Not strong enough to join 
in the escapades of other boys, John was left much to 
himself, but took a delight in watching his father dis- 
sect birds and beasts and in plying him with eager 
questions on their anatomical and physiological pe- 
culiarities. Then there was the thrill of visitors coming 
to the door with all manner of oddities such as 
leverets, chicks, and ducklings with two heads. When 
he was not roaming the countryside watching butter- 
flies, birds, hares, frogs, and hornets in their natural 
surroundings, he would be immersed in some book 
of natural history or travel” (p. 3). 

Some years later, after finishing his preliminary 
education, “While he was on holiday at Islington, a 
clumsy assistant at the Bland cattle depot stuck a knife 
into the middle finger of John’s right hand, laying open 
the joint. The wound turned septic, and the patient 
became acutely ill. Amputation was then decided on, 
but at the last minute the surgeon changed his mind. 
The finger was saved, but the proximal interphalan- 
geal joint remained permanently flexed at a right 
angle. William Henry Day, the family practitioner, 
thought that this was ‘better than no finger, since he 
can hold a scalpel, although he will never make a 
doctor, as he is not clever or strong enough.’ Despite 
this pessimistic and woefully false prophecy Day lent 
his patient a dried dissection of the forearm to while 
away the tedium of convalescence, and from this the 
boy memorized the names of the bones, muscles, 
blood-vessels, and nerves. His interest in human 
anatomy being thus aroused, and judging that his 
knowledge of comparative anatomy picked up from 
his father’s dissections would prove useful, he decided 
to become a surgeon. Having saved every penny he 
could, with characteristic promptitude he put his 
decision into effect. He had seen an advertisement of 
a school of anatomy in London and lost nu time in 
seeking out the proprietor, Thomas Cooke, F.R.C.S. 
In March 1878 he began, in a large shed of wood and 
corrugated iron in a disused churchyard off Mecklen- 
burgh Square, to dissect the human body” (pp. 5-6). 

Later during the same year, “Andrew Clark, 
F.R.C.S., dean of the medical school and surgeon to 
the hospital, was sitting in his office when a young 
man in his twenty-third year called to see him, ex- 
pressed a wish to become a perpetual student at The 
Middlesex, and without more ado counted out one 
hundred sovereigns from a bag. The dean was amazed 
to see so much gold accumulated at the cost of many 
deprivations deposited on his desk with so little cere- 
mony. Little did he dream that the tiny fellow who 
neatly wrote ‘John Bland Sutton’ on the hospital’s 
roll was destined to become the most famous of her 
sons.” 

Like Lane, Bland-Sutton began his studies in the 
dissecting room and again, “‘Insatiate in his thirst for 
knowledge worked all day and late at night and had 
no time for sport and social diversions.” To save the 
cost of the “parts” for dissection he applied for the 


position of prosector. He “knew Gray’s Anatomy from 
cover to cover and was then reading Sappey’s 
treatise on the lymphatics; (he) had no difficulty in 
proving his superiority over all the other competi- 
tors.” ““This period of his life was of absorbing in- 
terest, but also of great hardship. Money was scarce. 
His clothes had to last a long time; he walked where- 
ever he could, and he contented himself with a lunch- 
eon of dry biscuits and water in the prosector’s room. 
He had lodgings in Canonbury Square, where he 
worked far into the night, having found that he could 
do with only five hours’ sleep. Both before and after 
qualifying he coached men in anatomy for the pri- 
mary fellowship, which examination he passed in the 
company of some of his own pupils” (p. 11). 

“Few demonstrators or lecturers have been so suc- 
cessful in arousing the interest and holding the atten- 
tion of their class. An anatomy lesson can be dry and 
deadly dull, but Sutton’s demonstrations of a care- 
fully dissected ‘part’? popularly known as ‘Sutton’s 
entertainments,’ were enlivened by witty, quizzical, 
and flippant comments, which stuck in the students’ 
memories. He encouraged and enjoyed repartee, 
which he looked upon as useful training for the oral 
examinations. Like his great hero John Hunter, he 
taught human anatomy for capital and comparative 
anatomy for interest” (pp. 11-12). 

In 1883, a year after he had “‘qualified’’ he was ap- 
pointed senior demonstrator of anatomy and also, 
assistant curator of the hospital museum. His interest 
in comparative anatomy “took him everywhere, and 
he was often seen making his way from the Zoological 
Gardens to The Middlesex with some tit-bit for dis- 
section. One day he caused a sensation by driving up 
to the hospital entrance in a ‘four-wheeler’ with the 
dead body of a huge brown bear as his fellow-passen- 
ger. If he ever learned at the zoo that a rare animal 
had died and that Professor William Henry Flower, 
Conservator of the Hunterian Museum, had requested 
its removal to the Royal College of Surgeons, he 
would follow it on its last journey and watch it being 
dissected” (pp. 14-15). 

Although he could not afford to take the unpaid 
post of house surgeon when he qualified, he was 
elected assistant surgeon to the hospital in 1886 and 
lecturer on anatomy in the medical school. Since no 
beds were allotted to the assistant house surgeon, 
Bland-Sutton had to resort to somewhat devious ways 
to build up his practice. He operated upon patients in 
the outpatient department and sent them home in a 
cab until his colleagues began to object to the prac- 
tice. During the months of August and September 
when the attending surgeons were on vacation he 
“took charge of Henry Morris’s beds, and on more 
than one occasion his chief, returning to London, was 
annoyed to find all his beds filled by his junior’s pa- 
tients, who had recently been operated upon. This 
frequently meant a two to three weeks’ wait before he 
could once again assume full charge. What brought 
matters to a head was Sutton’s tactlessness in per- 
forming kidney operations in his chief’s absence. Ex- 
ceedingly jealous of his reputation as the exponent 
of renal surgery in England, Morris felt convinced 
that admission of these patients had been timed for 
his annual departure, though Sutton swore they had 
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been sent to him in the ordinary way. Despite Comyns 
Berkeley’s repeated attempts to bring the two to- 
gether, they remained long estranged. Morris was 
unwilling to forgive and forget what he imagined to 
be a deliberate slight, especially as he had befriended 
Sutton from his student days and had shown him 
many acts of kindness. For that matter Bland-Sutton, 
too, all his life was inclined to take small things per- 
sonally and to harbour offence where none was in- 
tended” (p. 20). 

In 1893, the long established Chelsea Hospital for 
Women was closed by the medical officer of health, 
Louis C. Parkes, and an investigation of the sanitary 
conditions of the hospital and the mortality statistics 
carried out. As a result, a new staff was appointed 
by a committee appointed by the presidents of the 
two royal colleges, and the post of surgeon to out- 
patients offered to Bland-Sutton. In 1896, he became 
full surgeon and with 15 beds on his service he suc- 
ceeded in “‘making this small hospital, which had had 
so poor a Start in life, the ‘Mecca for pelvic surgeons 
from all over the world’.” In the words of Victor 
Bonney, who went to Chelsea as resident officer in 
1898, he “raised the status of abdomino-pelvic surgery 
out of the narrow rut of specialism in which it threat- 
ened to stick and created the gynaecological surgeon 
in place of the gynaecologist.” ““On Monday after- 
noons, when he was operating, the theatre could bare- 
ly hold the visitors, who included distinguished sur- 
geons from all parts of the globe.” Again in Bonney’s 
words, ‘“He had a remarkable power of infusing en- 
thusiasm into those who served under him, and all 
of us worked with a will to make the operations go 
off as perfectly as possible. It was the beginning of 
that ‘team work’ which is now an established practice 
in all first-class surgical centers” (p. 21). 

Bland-Sutton performed his first hysterectomy for 
fibroids in 1890, a procedure which at first was bit- 
terly opposed as “‘criminal mutilation.” In 1897 when 
he reported on the results of 28 cases of abdominal 
hysterectomy for uterine myoma before the Obstetrical 
Society of London, one speaker stated that not 1 
fibroid in 20 required removal and that he hoped the 
lecturer’s doctrines would not be accepted by others. 

Gradually the opposition faded. In 1904, Bland- 
Sutton was asked to open a discussion on the in- 
dications for hysterectomy before the surgical section 
of the British Medical Association. In the years that 
followed he ‘‘became the leading gynaecological sur- 
geon of his day, and he made a fortune out of hyster- 
ectomy’’—an observation that may arouse some wist- 
ful repercussions among surgical specialists of the 
present generation. 

In 1911 he resigned his position at the Chelsea 
Hospital which he had done so much to make famous 
and which in turn ‘“‘had provided him with every 
facility for achieving his great position.” “The real 
reason was that he had made five unsuccessful at- 
tempts at being elected to the council of the Royal 
College of Surgeons of England (1900, 1901, 1902, 
1904, 1909). Sir Thomas Barlow told Webb-Johnson 
that the reason for Bland-Sutton’s repeated defeat 
was his connexion with a ‘Woman’s Hospital’. Webb- 
Johnson explained this to Bland-Sutton, who the fol- 
lowing day resigned from Chelsea and refused a con- 
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sulting post” (p. 29.). Early in his career he had set 
as his goal the presidency of the Royal College of 
Surgeons, and this honor he achieved in 1923, when 
he was elected president as successor to Sir Anthony 
Boweby. 

Bland-Sutton’s interest in comparative anatomy and 
in pathology was marked by many memorable con- 
tributions. His Erasmus Wilson lectures before the 
College of Surgeons on: ‘Evolution and Disease” (1886- 
1891); ‘Ligaments, their Nature and Morphology,” 
first published in 1887; his Jacksonian essay, ‘On Dis- 
eases of the Ovaries and Fallopian Tubes” (1890); his 
“Tumours, Innocent and Malignant,” first published 
in 1893 and subsequently reprinted and revised a 
number of times, brought him both fame and an 
international reputation. 

Many interesting sidelights on his life and career— 
his travels to far off climes, his many friendships with 
men and women in every walk of life, his home with 
the replica of the Hall of Honour from the palace of 
Darius, the Great, at Susa, his generous gift to make 
possible the erection of the Institute of Pathology at 
the Middlesex—are faithfully described to help bring 
back to life this unusual and forceful surgeon who 
early in life set a goal before him, and never let any- 
thing stand in his way that might prevent him from 
attaining it. — Sumner L. Koch. 


THIs VOLUME published by the American Cancer So- 
ciety, Inc. entitled Cancer of the Lung* presents the 
essence of the discussions on the subject that took 
place during the Scientific Sessions of November 3 and 
4, 1953, at the annual meeting. It appears in the form 
of a brochure, but illustrations such as photomicro- 
graphs and roentgenograms are catalogued and col- 
lected at the end of the book. They are very beauti- 
fully reproduced. At first perusal, little interest was 
generated because familiar references were encoun- 
tered and it appeared to be merely a review of stand- 
ard issues commonly debated. More careful scrutiny 
however, whets one’s interest because it carries the 
reader through the various facets of the problem. 

The introduction labels the disease ““The most strik- 
ing feature of the contemporary epidemiological scene, 
all diseases included.” From this introduction it de- 
velops current thought on incidence, etiology, ge- 
netics, detection, diagnosis, and treatment. From the 
standpoint of etiology various agents are discussed in- 
cluding tobacco and air pollution. Likewise the pos- 
sible effects of such occupational or environmental 
factors as chromates, arsenicals, beryllium, asbestos, 
and radioactive dusts are brought to light. The value of 
carefully read roentgenograms of the chest, particu- 
larly if comparisons with earlier films are available, is 
emphasized among the other approaches to diagnosis. 
Treatment in all modalities is portrayed. Surgical 
methods range from exploratory thoracotomy as a 
diagnostic tool to the so called radical pneumonec- 
tomy. X-ray irradiation in several forms as well as 
chemotherapy are accorded their place in the dis- 
cussion. 


4CANCER OF THE LUNG; AN EVALUATION OF THE PROBLEM. 
Proceedings of the Scientific Session, Annual Meeting, American 
Cancer Society, Inc., November 3-4, 1953. 322 pages, illustrated. 
New York: American Cancer Society, Inc., 1956. 
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In summary, this brochure is a very welcome source 
from which the opinion of high authority can be con- 
cisely taken on most, if not all of the facets of the lung 
cancer problem. Although synoptic in character the 
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discussions are in the main clear and pointedly re- 
flect the view of the presenting authority. Opposing 
views on controversial points tend to make for com- 
pleteness. —Hiram T. Langston 
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PRELIMINARY PLANS FOR THE 43rd CLINICAL CONGRESS 
CONVENTION HALL, ATLANTIC CITY, NEW JERSEY 


OCTOBER 14 TO 18, 1957 


ConvENTION Ha. in Atlantic City will be the 
headquarters for most of the programs to be 
held at the forthcoming 43rd annual Clinical 
Congress. Registration, principal scientific ses- 
sions, ciné clinics, color television, medical 
motion pictures, exhibits, and some postgraduate 
courses and forums will be scheduled in this 
famous hall. 

General plans for the Congress will follow 
those of previous years, and the program will be 
detailed in this Journal as it develops, with the 
final program to be published in the October 
issue. 


The Baxter Lectureship 


One important innovation this year is the 
Baxter Lectureship, endowed by the Baxter Lab- 
oratories of Morton Grove, Illinois. This new 
lectureship will be concerned with parenteral 
fluid therapy, and the speaker will be a man of 
outstanding qualifications in this field. Wednes- 
day at 2 p.m. is the scheduled time for this new 
lecture. 

College sponsorship of a week of study for out- 
standing medical students, begun at the San 
Francisco Clinical Congress last year, proved so 
successful that the program is being enlarged this 
year to include students from 37 medical schools. 
Represented this year will be students from 
schools in Chicago, the East, Canada, and Puerto 
Rico. These students are selected by vote of their 
fellow classmates. Dr. George V. Brindley, 
Temple, Texas, heads this program. 


Atlantic City Committee on Arrangements 


Dr. Royal A. Schaaf, Newark, is Chairman of 
the local Advisory Committee on Arrangements 
for this year’s Congress. Dr. Herbert D. Axilrod, 
Atlantic City, is Secretary. Serving under Dr. 
Schaaf are the following Fellows of the College: 


Davw B. ALLMan, Atlantic City 
Haro_p J. Bayer, Atlantic City 
RALPH J. BELForRD, Princeton 

RicHARD C. Bew, Atlantic City 
SAMUEL A. CosGROVE, Jersey City 
BENJAMIN Daversa, Spring Lake 
ARTHUR DinTEnrass, Atlantic City 
Morris Gotrtuies, Atlantic City 
Rosson D. Hartey, Atlantic City 
Stuart Z. Hawkes, Newark 

V. Ear Jounson, Atlantic City 

Puitie J. KUNDERMAN, New Brunswick 
J. Harotp MacAart, South Orange 
ANDREW F. McBripe, Jr., Paterson 
James Henry Mason, III, Atlantic City 
Pau. Mecray, JR., Camden 

AnTHOoNY G. MERENDINO, Atlantic City 
HERBERT A. SCHULTE, Newark 
Cuar.es H. DeT. Suivers, Atlantic City 
James H. Spencer, Newton 

EDWARD W. SPRAGUE, Newark 

G. Rurrin Stamps, Atlantic City 
Harry Susi, Atlantic City 


Members of the Press Relations Committee 
follow: 


J. Montcomery Deaver, Philadelphia, Chairman 
WI1L1AM W. L. GLenn, New Haven 
SaMmuEL P. Harsison, Pittsburgh 











C. Everett Koop, Philadelphia 

Cuarzes L. Munson, Wilmington 

Lioyp W. Stevens, Philadelphia 

KENNETH W. WarREN, Boston 

Haro _p A. ZINTEL, New York 

Tuomas C. Zuuick, JR., Easton, Pennsylvania 


Official Meetings 


On the opening evening, Monday, Dr. Schaaf 
will welcome visitors to the Congress, Dr. Ravdin 
will introduce special guests, and the Martin 
Memorial Lecture will be heard. 

On Wednesday evening the popular Motion 
Picture Symposium showing new and unusual 
surgical techniques will be held. 

On Friday evening, Initiates will be presented 
for Fellowship, Honorary Fellowships conferred, 
and new Officers inaugurated. Dr. William L. 
Estes, Jr., incoming President of the College, will 
give the Presidential Address. ‘Tuesday and 
Thursday evenings are open for special activi- 
ties. 

The Oration on Trauma will be given this year 
by Dr. Harrison L. McLaughlin, speaking on the 
topic “Education in Trauma,” at 2 p.m. Thurs- 
day. As already stated, the Baxter Lecture is 
Wednesday, 2 p.m. 


Television, Ciné Clinics, Motion Pictures 


Smith, Kline & French Laboratories, pro- 
ducers of the famous closed-circuit operative tele- 
casts, will again bring surgery as it is being per- 
formed, this year from Johns Hopkins Hospital in 
Baltimore. All of the operations to be televised 
will employ the three-way conversational hookup 
between the operating surgeon, a panel of dis- 
tinguished specialists, and a moderator at the 
auditorium. In charge of this important part of 
the program are Drs. Henry T. Bahnson, Balti- 
more, and J. Garrott Allen, Chicago, Chairman 
of the College’s Committee on Television. 

The outstanding film-lectures known as Ciné 
Clinics, sponsored by the Surgical Products Divi- 
sion of American Cyanamid Company, under the 
chairmanship of Dr. Hilger Perry Jenkins, Chi- 
cago, and the College’s Motion Picture Com- 
mittee, will be another attraction during Con- 
gress week. All films are in color, and narrated 
by the author. Several are being produced for 
this Congress and represent exceptional planning 
on the part of the surgeon, the College, and the 
surgical film production group. 
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Medical motion pictures made by Fellows 
throughout the country, and approved by the 
College’s Motion Picture Committee, will be a 
continuing feature of the meeting. The evening 
Motion Picture Symposium will again consist of 
short films, with the operating surgeon explain- 
ing the procedures. 


General Sessions 


General sessions will begin Monday morning 
at 10 a.m. A preliminary glimpse of the topics 
follows: 


Monpay, 10 a.m.—Panel on Treatment of Metastatic 
Breast Cancer; 1:30-3 p.m.—Inflammatory Lesions 
of the Gastrointestinal Tract; 3:30-5 p.m.—Vis- 
ceral Causes of Back Pain. 

Tugspay, 1:30-3 p.m.—Tumors of the Thyroid; 2-5 
p.m.—Symposium on Trauma; 3:30--5 p.m.— Pan- 
el on Portal Hypertension. 

Wepnespay, 1:30-3 p.m.—Panel on Changing As- 
pects of Surgical Infections; 2—2:40 p.m.—The 
Baxter Lectureship; 2:45-5 p.m.—Symposium on 
Cancer; 3:30-5 p.m.—Panel on Gastric Ulcer. 

Tuurspay, 1:30--3 p.m.—Panel on Benign Lesions of 
the Anus and Rectum; 3-3:30 p.m.—Oration on 
Trauma: 4—-5:30 p.m.—Annual Meeting of Fellows. 


Specialty Sessions 


Subjects for the specialty sessions are briefly 
outlined here: 


GYNECOLOGY AND OBSTETRICS 


Monpay, 1:30-3 p.m.—Panel on Cancer and Pre- 
cancerous Lesions of the Vulva; 3:30-5 p.m.— 
Panel on Radiation Injury to Fetus or Mother 
During Pregnancy. 

TurspAy, 1:30-3 p.m.—Panel on Surgery of the 
Gravid and Puerperal Uterus (Exclusive of Simple 
Cesarean Section); 3:30-5 p.m.—Panel on Meth- 
ods of Detecting Ovulation. 

Wepnespay, 1:30-3 p.m.—Panel on Management of 
Complications of Labor Causing Fetal Distress 
(Exclusive of Abruptio Placentae); 3:30-5 p.m.— 
Panel on Problems of Stress Incontinence. 

Fray, 1:30-3 p.m.—Panel on Modern Manage- 
ment of Face, Brow, and Transverse Presentation: 
3:15-4:45 p.m.— Endometriosis. 


NEUROLOGIC SURGERY 


Fripay, 9-10:30 a.m.—Panel on Surgical Manage- 
ment of Dermoids of the Central Nervous System: 
10:35-12 noon.—Panel on Traumatic Intracranial 
Hemorrhage; 1:30-4:45 p.m.—Symposium on Neu- 
rosurgical Subjects of Interest. 
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ORTHOPEDIC SURGERY 


Fray, 1:30-3 p.m.—Panel on Amputation in the 
Upper Extremity; 3:15-4:45 p.m.—Ligamentous 
Injuries of the Knee Joint. 


PLASTIC SURGERY 


Monpay, 1:30-3 p.m.—Surgical Repair of Radiation 
Burns; 3:30-5 p.m.—Facial Trauma from Traffic 
Accidents. 


THORACIC SURGERY 


Fray, 1:30-3 p.m.—Thoracic Surgery in Pedia- 
trics; 3:15-4:45 p.m.—Recent Developments in 
Cardiac Surgery. 

UROLOGY 


Monpay, 1:30-3 p.m.—Panel on Diagnosis and 
Management of Urinary Obstruction in the Aged. 

Tuespay, 1:30-3 p.m.—Panel on Bladder Sub- 
stitutes in Congenital and Acquired Conditions. 

Tuurspay, 1:30-3 p.m.—Panel on Diagnosis and 
Management of Surgical Lesions of the Adrenals. 

Fripay, 1:30-3 p.m.—Panel on the Abdominal 
Mass in Children and Adults. 


Ophthalmology and Otolaryngology 


In order not to conflict with annual meetings 
of the American Academy of Ophthalmology 
and Otolaryngology being held during Congress 
week, the American College of Surgeons Ad- 
visory Councils in these specialties have recom- 
mended that no programs in these specialties be 
held in this Atlantic City Congress. 


Postgraduate Courses 


Eight Postgraduate Courses will be given this 
year and, because these classes are so popular, it 
is strongly recommended that you register as 
soon as possible. Admission will be by ticket only. 

With two exceptions, all classes will meet 
mornings Tuesday through Friday, from 8:30 
to 11:30. The exceptions are the course in 
Gynecology and Obstetrics, meeting Monday 
through Thursday, 8:30 to 11:30 a.m., and that 
on Surgical Aspects of Pulmonary Disease, meet- 
ing afternoons from 1:30 to 3, Monday through 
Thursday. 

A statement on what the Postgraduate Courses 
are, appearing in the College Bulletin of May- 
June, is repeated here for new readers: 

“The intent of these courses is to provide, 
within four sessions, as much current informa- 
tion as possible upon advances in surgery. To 
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this end, the scope of each course is limited to a 
field which can be covered fully within the 
allotted time rather than to attempt to review a 
large subject in a sketchy fashion. The courses 
are planned with care so that they proceed by 
co-ordinated, progressive steps from basic facts 
to application to patients. 

*““They are designed especially for the surgeon 
whose opportunities for contact with research 
and graduate teaching are limited and for serious 
students who intend to pursue an entire course 
rather than for the occasional visitor with an 
hour or a half day to occupy.” 

Topics and Chairman follow: 

Preoperative and Postoperative Care. Francis D. 

MoorgE, Boston. 

Gastrointestinal Disease. S. W. Moore, New York. 
Diseases of the Liver, Biliary Tract, and Pancreas. 

Louis M. RoussELot, New York. 

Cardiovascular Surgery. H. Wituiam Scort, Jr., 

Nashville. 

Immediate Treatment of Multiple Injuries. Preston 

A. Wane, New York. 

Gynecology and Obstetrics. Louis M. HrLiMAn, 

Brooklyn, New York. 

Fractures in Children and in the Aged. Epwin F. 

Cave, Boston. 

Surgical Aspects of Pulmonary Disease. Joun W. 

STRIEDER, Brookline, Massachusetts. 

Fee for the course is $5.00. 


Forum on Fundamental Surgical Problems 


Harris B. Shumacker, Jr., Indianapolis, and 
the Forum Committee believe this year’s reports 
will continue to add stature to this renowned 
program. The latest research and changes and 
advances in surgical techniques will be presented 
here in at least 16 sessions during the week. 
These sessions will also include the specialties of 
Gynecology and Obstetrics, Orthopedic Sur- 
gery, Plastic Surgery, Neurologic Surgery, and 
Urology. 


Scientific and Technical Exhibits 


In selecting exhibits, timeliness and scientific 
and educational values are the main criteria 
used by the Scientific Exhibition Committee, 
headed by Dr. George W. Stephenson, Assistant 
Director of the College. Visitors to this year’s 
exhibits will see carefully planned, and alto- 
gether informative, displays showing new results 
of study by research teams and surgical depart- 
ments from leading medical centers. 





New products, tried and true products, and 
refinements of these will be seen in the always 
interesting Technical Exhibits, and busy doctors 
will find time spent here highly useful in garner- 
ing new ideas and remembering essential items. 
Mr. Thomas E. McGinnis, Assistant Business 
Manager for the Clinical Congress, is in charge 
here, and all inquiries regarding applications and 
space may be addressed to him at the American 
College of Surgeons’ Chicago headquarters, 40 
East Erie Street, Chicago 11, Ilinois. 


Advance Registration 


The Clinical Congress special Invitation Bro- 
chure, containing information about hotels, 
Postgraduate Courses, travel, and registration 
forms, has been mailed to Fellows of the College, 
and will be mailed to non-Fellows upon request. 
Early registration is strongly recommended for 
first choice at courses and hotel and travel ac- 
commodations. Also, anyone registering in ad- 
vance will find his badge awaiting him upon 
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arrival at the Congress and will avoid waiting in 
line to register. 

Anyone unable to register in advance may 
present his credentials at the Central Registration 
Desk at Convention Hall. Hours there will be as 
follows: Sunday, October 13, from 3 to 7:30 
p-m.; Monday, 8 a.m. to 5:30 p.m.; Tuesday 
through Friday, 8 a.m. to 5 p.m. 

Fellows whose dues are paid to December 31, 
1956, pay no registration fee; those whose dues 
are not paid up to date pay $20.00. Non-Fellows 
pay $20.00; members of the Federal Services, 
$10.00. No fee (except for Postgraduate Courses) 
is required of Initiates, members of the Candidate 
group, and surgical residents. Everyone who 
attends a Postgraduate Course pays $5.00. 


Wives Invited 


The Ladies’ Entertainment Committee is 
planning a week of unusually pleasant activities, 
and doctors are cordially invited to bring their 
wives to this meeting. 
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